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THE NORMAL WINK REFLEX: ITS FACILITATION 
AND INHIBITION 


BY C. W. TELFORD AND BEATRICE O’DONNELL ANDERSON 
University of North Dakota 


INTRODUCTION 


Most modern psychologists probably believe that explana- 
tions of behavior can be given most satisfactorily in terms of 
the physiological, and particularly the neural make-up of the 
organism. But few psychological problems are discussed 
without some reference to their real or supposed neuromus- 
cular substratum. A great many elaborate neurological 
theories devised to ‘explain’ the various observed facts in 
practically every field of psychology have been advanced. 
Lashley (1930) has pointed out the futility of much of this 
neurologizing. It furthers the discussion but little to restate 
observed psychological facts in neural terms unless the knowl- 
edge is at hand concerning the neural event. When experi- 
mental data as to the nature of the neural functioning are 
lacking, we gain only a false sense of security. 

It is not always clear in just what way the facts of phy- 
siology and neurology are to be made use of in psychology. 
There seems to be but little possibility of deducing psycho- 
logical facts directly from data or hypotheses as to the func- 
tioning of the nervous elements involved. The procedure 
has usually been to attempt a speculative account of what may 
have happened in the organism when the observed response 
occurred. In this connection Dodge (1926, p. 3) has pointed 
out that “It is of doubtful scientific value to construct hypo- 

16 235 
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thetical schemes of neural action to account for the observed 
facts of mental life unless the hypothesis can somehow be 
submitted to experimental test. Facts without hypotheses 
are dead, but hypotheses which cannot be verified might as 
well be.”” Such terms as ‘decreased synaptic resistance,’ 
‘grooves in neural structure,’ ‘amoeboid movements,’ etc., 
were originally expressions of hypotheses. However, they 
have come to be a part of our psychological dogma. 

At present we probably know far more about the behavior 
of a given organism than we do about what happens physio- 
logically within the organism when it responds. We know 
more about learning and the factors conditioning the learning 
process than we do about what happens within the organism 
when it learns. Lashley (1930) has pointed out that in this 
respect psychology is today a more fundamental science than 
neurophysiology. Psychology has a great mass of factual 
material to which the laws of neural activity must conform. 

Despite the fact that some psychologists seem to be able to 
deal with their subject without reference to its physiological 
basis (Hollingworth, 1928) most workers feel that such an 
account is decidedly lacking, particularly on the explanatory 
side. However, when one attacks from a physiological stand- 
point the infinitely complex problems of behavior on the 
‘higher levels,’ he is immediately impressed with the seeming 
hopelessness of the task. ‘This fact, combined with the pau- 
city of neurological facts relating to the problems, usually 
results in his taking refuge by hypothestizing neural facts and 
properties to account for the observed phenomena. 

Upon analysis, however, one finds that alongside of these 
baflingly complex ‘higher’ processes simpler systems are 
accessible which are more comparable with the reflex prepara- 
tions of the physiologist. Such systems are the patellar reflex, 
achilles tendon reflex, and the wink reflex. These processes 
may serve as a connecting link between the simpler prepara- 
tions of the physiologist and the more complex systems which 
are of particular interest to the psychologist. 

In attempting to bridge this gap, several psychologists 
have chosen to operate on this border-line between psychology 
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and physiology. They are studying some of the simpler 
mechanisms in the hope that a thorough investigation of these 
rather elementary processes may offer some clue to the in- 
terpretation of the more complex phenomena of behavior. 
These workers have taken over certain well-known physio- 
logical facts and have tried to determine in what way they 
may throw light on the more complex processes. Dodge’s 
work (1926, 1927, and 1931) on the relation of the refractory 
period to inhibition and other well-known behavior complexes 
is notable. The writer (Telford 1931) has also attempted to 
make some advances along these same lines. 

Several difficulties were encountered in the writer’s earlier 
work on the relation of the refractory period to associative 
processes and voluntary responses. In the first place very 
complex processes were dealt with. The neural bases of these 
responses are probably infinitely complex and but little known. 
It is perhaps preferable to work with simpler mechanisms 
whenever possible. If a system in which a refractory period 
is known to exist when operating reflexly is dealt with, and 
then the same mechanism while under voluntary control is 
studied, any effect of the refractory condition on the voluntary 
response can be more easily determined. 


THE EYE-wink RESPONSE 


For work of this sort the eye-wink offers several advan- 
tages. In the first place it is accessible. This condition 
makes observation and recording of the response fairly easy. 
Secondly, the system operates as an autonomic act controlled 
by a center in the brain, as a cranial reflex, and as a voluntary 
response. Thus we can study and compare these various 
‘levels’ of activity in a single mechanism, for they all have in 
common a single final pathway. 

The investigation of such problems as the effect of emo- 
tions, mental activity, and attention on the autonomic proc- 
esses can easily be studied by means of the changes in the rates 
of winking accompanying these various activities. All of the 
traditional problems on the reflex level, such as summation 
of stimuli, time relations of reflexes, refractory and hyper- 
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excitable periods, and inhibition and negative adaptation can 
easily be carried on. These topics lead into the problems of 
learning. The wink reflex is readily conditioned. Conse- 
quently it offers opportunities for investigation of problems 
concerning conditioned reflexes, as well as the negative aspects 
of the learning process, such as the elimination of responses 
due to negative adaptation, experimental extinction, and the 
voluntary inhibition of the reflex. The investigation of these 
questions may throw some light on the troublesome problem 
of the elimination of errors in learning. The relationship 
existing between these various means of eliminating responses, 
the factors influencing each, and the effect of one on the other 
can very readily be studied. 

Finally on the highest ‘level’ the eye-wink operates as a 
positive voluntary response. Rate of winking as well as 
fatigue problems can be investigated. The effect of the 
refractory period on voluntary response as well as reaction- 
time problems can be attacked by means of the same mecha- 
nism. Since the eye-wink shows all degrees of control from 
the rhythmic autonomic and reflex to the purely voluntary, 
it offers rare opportunities for the investigation of the relation- 
ships existing between the various ‘levels’, their mutual 
relationships and the factors influencing each in a single 
mechanism. 

ANATOMY OF THE EYELIDS 

The eyelids are two movable curtains situated in front of 
the bulb of the eye, and named from their positions superior 
and inferior. The superior is the longer and more movable, 
being provided with a special elevator muscle. In each eyelid 
there exists a framework of condensed fibrous tissues, termed 
the tarsus, which give consistency and shape to the lid. The 
eyelids are further strengthened by membranous expansions, 
termed the superior and inferior palpebral ligaments, which 
extend into them from the margin of the orbit. 


THe WINK RESPONSE 


Winking is caused by the contraction of muscle fibers 
which run transversely across the eyelids in a curved course. 
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These muscles are attached firmly at the outer and inner 
corners of the eyes. The shortening of the muscles straightens 
their arched course and so brings the two edges of the eye- 
lids into contact with each other. 


CONTROL OF THE EYE-WINK 


As has already been pointed out, the eye-wink operates at 
various times as an autonomic act, as a reflex, and as a volun- 
tary response. The neural paths and types of sensory controls 
operative in these various types of responses will now be taken 
up. 

Everyone has probably observed that normally the eye- 
wink occurs periodically at fairly regular intervals. Some 
observations on the frequency of the normal, regular winking 
of humans have been made inthe present study. It was found 
that under conditions prevailing in the elementary psychology 
laboratory, where some students were reading, others con- 
versing with each other, etc., the average time required for 
31 winks was 179.6 seconds. ‘This gives an average interblink 
period of 5.99 seconds. These figures were obtained when 
subjects were unaware that their winks were being counted. 
When the subjects were informed that their responses were to 
be counted but were instructed to continue whatever they were 
doing and to try to wink naturally, the period required for the 
same number of responses was 159.40 seconds or one wink 
every 5.31 seconds. Awareness that the responses are being 
counted evidently produces a slight retardation but the 
difference is not statistically reliable. (Diff. = 20.20; ¢ diff. 
= 9.53.) When the subjects were busy reading, a slowing 
up of the winking rate was observed. The time required for 
31 winks was 222.12 seconds, giving one wink every 7.40 
seconds. This difference is statistically reliable. (Diff. = 
62.72; 0 diff. = 12.03.) These data are the results of taking 
the average of three separate timings of 31 winks each on 52 
different subjects under the three different conditions. All 
the subjects were sophomore students taking general psy- 
chology. Their ages ranged from 17 to 24 and the sexes were 
about equally represented. The counts were made in the 
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elementary psychology laboratory of the University of North 
Dakota. These interblink periods are considerably longer 
than those reported by Ponder and Kennedy (1927) who used 
a more accurate method of recording responses. We simply 
watched and counted the winks, timing them by means of a 
stop watch. Peterson and Smith (1929, p. 337) have found 
this method to be fairly reliable. 

Our method does not show the variability of the response 
of the subjects, but Ponder and Kennedy find that the length 
of the interblink periods is remarkably constant for the in- 
dividual under constant experimental conditions. 

It has been assumed that the constant rhythmic winking 
observed under normal conditions is a reflex response depen- 
dent principally on corneal or conjunctival drying or irrita- 
tion.! The lacrimal gland is constantly producing its secre- 
tion which is dammed back at the barrier produced by the 
rim of the lid. During winking the secretion is swept towards 
the lower eyelid, being distributed over the cornea. On the 
return of the eyelid a portion of the secretion is rewashed over 
the eye. This results in washing foreign bodies away and in 
keeping the cornea moist. It has also been suggested that 
the wink is a reflex response to the tension of the ocular 
muscles or a response to light. 

The studies of Blount (1927) and Ponder and Kennedy 
(1927) indicate that normal winking is not brought about 
by any of these means. In fact the response is not of a reflex 
nature. 

Ponder and Kennedy investigated the relationship between 
the moisture conditions of the cornea and conjunctiva and the 
rate of winking. They recorded the rate of winking of sub- 
jects in the hot-houses of the University Botanical Depart- 
ment as a condition favorable to minimum evaporation from 
the eye. They likewise counted the winking rates of bathers 
in the hot rooms of various Turkish baths. The latter was 
an attempt to produce maximum evaporation. In no case 
did they observe significant differences in the length of the 


1See Hough, H., and Sedgwick, W. L. (1907). Elements of Physiology, p. 83. 
Ginn & Company. 
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interblink period under the different conditions of humidity. 
The same authors completely anaesthetized the superficial 
parts of the eye. (The cornea and conjunctiva were insensi- 
tive to the touch of the subject’s own finger.) The results 
were entirely negative. The winking went on at its normal 
rate and was uninfluenced by tobacco smoke which produces 
an increased winking rate in the unanesthetized eye. It 
seems that the movements of blinking are not necessarily 
dependent on impulses arising from the cornea or conjunctiva. 
Blount (1927) confirmed these findings as to the effect of 
local anesthesia of the eye. 

It is possible that winking depends on retinal impulses 
passing over the optic nerve. Both of the above-mentioned 
studies report that the movements continued unaltered in 
rate over a wide range of light intensities, and even in total 
darkness. This explanation also fails to explain the appar- 
ently normal rate in blind animals and men. Ponder and 
Kennedy observed over two hundred of the latter. 

Another possible neural pathway operative in producing 
the wink is the one which carries kinesthetic impulses from 
the recti and obliqui muscles of the eyes. The writer as well 
as others have noticed that an eye movement often brings 
relief to the eye very much as a wink does. ‘The rate of wink- 
ing is also more rapid when the eyes are converged and fixed 
on a near point than when they are fixating a distant object 
or moving from point to point. Ponder and Kennedy report 
that in blind persons whose eyes are fixed in the cadaveric 
position or have continuous nystagmus, the movements of 
blinking occur at the normal rate. This fact indicates that 
the proprioceptive impulses from the muscles of the eye do not 
determine the rate of winking. 

These authors conclude that the rhythmic winking re- 
sponse is not necessarily dependent on impulses passing over 
the second, third, fourth, fifth, or sixth cranial nerves, and 
that it is not determined by afferent impulses arising from the 
retina, cornea, conjunctiva, or extrinsic muscles. The move- 
ments appear to be centrally originated and caused by dis- 
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charges of impulses through the seventh nerve.?, (Ponder and 
Kennedy 1927, p. 101.) 

There is some indirect evidence that the winking center is 
located in the basal nuclei. In cases of lesions in these nuclei, 
especially the caudate and lentiform, one of the most pro- 
nounced symptoms is the almost complete absence of winking. 
This, of course, does not locate the center exactly. 

Let us next turn to the wink as a reflex response. It is 
well known that under certain circumstances the eye wink 
may operate as a reflex. Various stimuli serve at times to 
produce the response. A bright flash of light, excessive 
stimulation of the cornea in the form of a puff of air or foreign 
body in the eye, any object rapidly approaching the eye, a 
loud sound, or an electric shock serves as adequate stimuli 
for the reflex. 

The ‘emergency light reflex’ serves to protect the retina 
against extreme or excessive stimulation. This reflex depends 
on impulses which pass over the optic nerve and end in the 
superior colliculus. From here impulses pass to the third 
and seventh cranial nerves which transmit impulses to the 
eyeball and eyelid. (Tilney, 1921, p. 527.) Essentially 
this same mechanism is involved in the reflex response to any 
rapidly approaching object such as we are dealing with in the 
present study. 

This paper deals with the eye-wink operating as a reflex 
and as a reaction conditioned by voluntary inhibition and 
facilitation. We are particularly interested in the refractory 
period, its relation to inhibition, and its influence on voluntary 
activities. In studying these processes some of the elemen- 


2 Since this article was finished Dr. G. A. Talbert of the physiology department 
of the University of North Dakota has called to the attention of the writer some 
difficulties involved in the assumption that the normal winking is an autonomic 
activity controlled by a center in the brain. In the first place the mere location of 
such a center does not explain the winking. The source of stimulation and origin of 
afferent impulses must still be explained. Nerve centers do not originate impulses of 
themselves. They are either points of connection between incoming afferent and out- 
going efferent impulses, or points of stimulation by chemical means as in the case of the 
center regulating breathing. The respiratory center in the medulla is stimulated by 
variations in the composition of the blood which reaches it. A similar center for 
winking would seem to require some such humoral control. It seems rather im- 
probable that such a control exists. 
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tary processes involved in inhibition and facilitation in general 
are being dealt with. 


THE PROBLEM STATED 


The negative aspects of behavior and learning are among 
the most troublesome problems facing the psychologist today. 
{t seems rather obvious that increased stimulation should be 
followed by greater activity, and that frequency of response 
should make more certain subsequent similar activities. 
Physical analogies and seemingly simple explanations have 
not been wanting to account for the facilitating effects of 
increasing or frequently repeated stimulation. However, the 
discovery that increased stimulation sometimes resulted in an 
actual diminution of response, that responses were eliminated 
in the very process of exercise seemed strange and contrary to 
commonly accepted fact. These phenomena required some 
special explanation. 

The traditional laws of association, particularly frequency 
and recency, apparently account for the fixation of responses, 
but they fail to furnish an adequate explanation of the elimina- 
tion of the erroneous or unsuccessful behavior. These reac- 
tions are often dropped in spite of any fixing effects that fre- 
quency and recency may have, rather than because of such 
effects. The inability to account for the elimination of 
erroneous responses is the admitted limitation of all of the 
current ‘theories of learning.’ 

As a result of this condition considerable interest has lately 
been manifested in the problems of inhibition and elimination 
of responses. Several experiments as well as some theoretical 
papers on these subjects have recently been published. 

There are many ways in which an activity may be elimin- 
ated from one’s group of responses to a given situation. How 
many of these may properly be classed as learning is still a 
debatable question. One of the most common methods is 
that known as ‘negative adaptation.’ This refers to the 
diminution and possibly the complete cessation of response to 
a long continued stimulus. However, it is not quite so simple 
as this. Not all long-continued stimuli cease to produce 
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responses. Whether a given stimulus results in increased or 
decreased activity depends on the significance that particular 
stimulus has or comes to have for the responding organism. 
Adaptation has appeared to be rather a passive affair and of 
but little importance in the ordinary processes of adjustment. 
It has seemed to be something different from learning. In 
fact, as long as learning was considered to be largely a positive 
and facilitating process, it was quite the reverse. Woodworth 
(1929, p. 161) lists it as ‘a simple form of learning’ and men- 
tions its similarity to the extinction of a conditioned reflex, 
when evoked several times without reinforcement by the un- 
conditioned stimulus. 

The experimental extinction of a conditioned reflex is 
another example of the progressive diminution of a response 
in the face of repeated stimulation and is contrary to the 
‘laws’ of frequency and recency. Here as in negative adapta- 
tion the factors determining whether the repetition of a given 
activity will be followed by increasing or decreasing facility 
of response seem to be the results or effects following the 
response and the relation of the behavior to the total situation 
of which it is a part. The ringing of a bell will produce the 
secretion of saliva in the dog only so long as it serves as a 
signal for the actual obtaining of food which is to follow. The 
cessation of response when food is not forthcoming is as truly 
learning as the setting up of a conditioned reflex in the first 
place. Adaptation and experimental extinction are just as 
truly subject to the ‘law of effect’ as any other aspect of 
learning. 

There seem to be several kinds of the more active processes 
of inhibition. One of the simplest is the mechanical inhibition 
brought about by the contraction of antagonistic muscles. 
This is common enough in human life and is one of the sub- 
jects of the present investigation. Another type is that in- 
volved when one stimulus follows its predecessor within less 
than a certain time-interval. When succeeding stimuli occur 
more rapidly than this critical frequency, the responses fol- 
lowing the first are regularly less extensive than the first. 
This is commonly recognized as a result of the refractory 
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period or period of decreased excitability which follows 
response. This type of inhibition is also involved in the 
present study. The response dealt with here is the eye wink 


of human beings elicited by an object rapidly approaching the 
eyes. 

Stated briefly, the problem here dealt with is the investiga- 
tion of the refractory period and return of excitability in the 
eye wink mechanism: First, when the system is operating as a 
reflex; second, when the subject attempts to inhibit the 
response; and third, when the response is voluntarily rein- 
forced. We also hope to throw some light on the problem of 
the relationships existing between these ‘levels’ of activity. 


APPARATUS AND PROCEDURE 


The apparatus used in this experiment consisted of a head rest with a heavy plate 
glass eight inches square fastened to its front, two rubber-tipped wooden hammers 
hinged from above, and the recording device. The plate glass was approximately 3 
cm. in front of the subject’s eyes. The small wooden hammers 25 cm long and fastened 
21% cm from the end were regulated by hand. When released, they descended through 
an arc of go° and struck the glass on a level with the eyes: This caused the subject to 
wink. The recording device was as follows: A small copper wire (size 22) tipped on one 
end with wood was fastened to the upper eyelid of the subject by means of a small 
piece of adhesive tape. The wire was shaped into a small ring some 5 cm from the end 
fastened to the eye and was worked on a pivot fastened to the head rest. The other 
end of the wire, which was 10 cm in length, made a record on a revolving kymograph. 
The method of recording was a modification of that of Ford (1924), the principal dif- 
ference being that smoked paper was used instead of plain. It was found that when the 
rapid wink responses were in progress the holes made by the passage of the electric 
current through the unsmoked paper were not sufficiently plain to be read. When 
the smoked paper was used a very clear record was obtained at all times. Using the 
electric spark for recording, instead of having the recorder write directly on the paper 
(a method tried at first and discarded), makes a practically frictionless and very sensi- 
tive system when the recorder is nicely balanced on its pivot. The wooden tip on the 
end of the recording wire fastened to the eyelid served to insulate the subject from the 
electric current which passed through the pivot out over the recording wire, and com- 
pleted the circuit with the kymograph. At the same time it made a record of all move- 
ments of the eyelid. Thus a clear record of ail the movements of the eyelids, magnified 
two times by the lever action of the recording wire, was obtained. The subjects fixated 
a certain object in the field of vision so as to maintain a constant position of the eyes 
and a fairly straight base-line in the record. 

Two hammers of the same size and weight were used. They were operated by hand 
and allowed to fall at time intervals determined by counting the strokes of a metronome. 
The time-intervals between stimuli were varied according to a pre-arranged chance 
order. Three different types of responses were studied. The first type was the simple 
reflex. The subject was comfortably seated before the apparatus, his head placed in 
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the head rest, the recording device fastened to his eyelid, and he was instructed to 
remain perfectly passive, trying neither to wink nor to inhibit the response. Next the 
subject was instructed to inhibit the wink as much as possible. He was not to wink at 
all if he could prevent it. Last a series of responses was obtained when the subject 
had been instructed to wink voluntarily each time the hammer approached the eyes. 

Approximately fifty responses were obtained from the various subjects under each 
of the three conditions. The entire set was repeated each week until the subject was 
able to inhibit approximately twenty successive winks. When this point was reached, 
the passive and voluntarily reinforced series for that particular sitting were taken. 
The subject was given one additional sitting and if he was still able to inhibit the 
responses no more trials were required. 

The subjects were students of psychology at the University of North Dakota. 
The experiment was carried out in the Psychological Laboratory of the University of 
North Dakota during the spring and summer of 1930. Preliminary work was carried 
on by the senior author and Mr. Melvin Langemo during the spring semester. The 
main experiment was done by the junior author during the summer session of 1930 and 
incorporated in a Master’s thesis which will soon be on file in the university library.® 


RESULTS 


In the preliminary work no regular experimental schedule 
was followed. ‘The subjects were given a variable number of 
trials at each sitting. Intervals between stimuli varying 
from 1 to 6 seconds were tried. All three conditions were 
investigated at various times. ‘Table I gives a summary of 


TABLE I 


AMPLITUDE OF RESPONSE WITH VARYING TIME-INTERVALS AND UNDER THREE 
DIFFERENT CONDITIONS 




















Passive Reflex Voluntary Inhibition Voluntary Reinforcement 
Interval 
in Secs. 
M* N M N M N 

I 1.02 182 .69 125 1.30 80 

2 1.10 211 89 157 1.27 101 

4 1.14 236 .93 160 1.31 94 

6 1.15 167 94 140 1.28 95 

















* In all the tables M = mean amplitude of responses in cm and N = number of 
responses. 


the combined results of these preliminary experiments. These 
results show consistent tendencies for the passive reflex and 
the voluntarily inhibited responses to be influenced by changes 


3Mr. Melvin Langemo assisted the writer in carrying out the preliminary ex- 
periment. Mrs. B. O. Anderson gathered all the data of the main experiment. The 
senior author devised the apparatus, directed the study, and is responsible for the pres- 
entation of the data and interpretation of the results. 
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in the time interval between responses. The voluntarily 
reinforced responses show no constant change. 

These data indicate that as the interval between stimuli 
increases, the amplitude of the response increases. Inhibition 
is most effective when the time interval between stimuli is 
small. These facts suggest the existence of a refractory 
period which may last for 6 seconds or longer. Attempted 
inhibition slightly accentuates this period during which the 
response is diminished. It seems that voluntary reinforce- 
ment obliterates evidence of the refractory period with inter- 
vals of 1 second or more. Some of the individual curves, 
however, do show evidence of a refractory period with the 
voluntary reinforcement. 

In view of the irregular procedure of the preliminary ex- 
perimentation it was thought desirable to supplement these 
results with other data obtained under better experimental 
control and following a uniform method involving these three 
kinds of responses. The results of the main experiment are 
given in Table II, III, 1V, V, VI, and VII. In the main 
experiment a 14-second interval was added to those used in 
the preliminary experimentation. 

Ten persons participated in the principal experiment. 
The tables give the combined results from all ten subjects. 
The three series refer to the three sittings (one each week) 
required for the subjects to learn to inhibit the response. 
Since the three series do not always represent the same num- 
ber of subjects a possibility of error enters in when comparisons 
are made between the different series. This possibility is 
considered and taken care of in the comparisons of the indi- 
vidual curves made later on. 

Tables II and III show the results obtained when the sub- 
jects were instructed neither to inhibit nor to wink volun- 
tarily, but to sit and passively fixate the object indicated. 
Table II gives the mean amplitudes of the responses, standard 
deviations of these measures, and the number of responses 
secured at each of the five time-intervals indicated at the left 
of the table. These results are shown graphically in Fig. 1. 
Table III shows the differences between the successive means 
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of Table II, the standard errors of these differences, and their 


critical ratios. 
It will be seen that, in the first series, the %-second in- 





. - First series 

















@ 
Int. in secs, 4 121 2 4 6 


Fic. 1. Mean amplitude of reflex wink responses with varying time-intervals 
between stimuli. 


TABLE II 


MEan AMPLITUDE OF REFLEX EYE-wINK RESPONSES WITH DIFFERENT TIME-INTERVALS 
BETWEEN STIMULI 





























First Series Second Series Third Series Totals 

Inter- 

val in 

Secssi m | eo | N|MIo |NIMIoct}]NI Mo N 
4 1.01 | .94 | 127 19| .34 | 108 | war | .22 | 41 57 | .80 | 276 
I 1.33 | -78 | 208 88 | .53 | 124 | 1.10 | .34 37. | 1.08 | .63 | 369 
2 1.54 | .59 | 205 89] .56 | 138 | 1.16 | .30 | 46 | 1.26] .68 | 389 
4 1.59 | .58 | 173 | 1.02] .52 | 136] 1.17] .29 | 34 | 1.30] .60 | 343 
6 1.32 | .56 64 | 1.10] .47 78 | 1.20 | .31 | 30 | 1.18] .52 | 172 
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TABLE III 
DIFFERENCES AND RELIABILITY OF DIFFERENCES BETWEEN SUCCESSIVE MEANS OF 
TaBLe II 
ine First Series Second Series Third Series Totals 
= . 
om- ° > ps 
Diff Diff. . Diff. Diff 
d . . . . 
pare Diff. |e of D. re Diff. |c of D. = of D. Diff. |o of D. er Diff. |e of D. ee 











4&1} 32] .10 | 3.20 | .69 |] .05 |13.80 | .99 | .06 |16.50 | .51 | .06 | 8.50 
1&2] .21] .07 | 3.00 | .or | .06 17 | .05 | .07 .71 | .18 | .05 | 3.60 
2&4] .05] .06 83 | .13 | .06 | 2.17 | .o1 | .06 17 | .04 | .05 80 
4 &6|—.27}] .o8 | 3.38 | .08 | .o7 | 1.14 | .03 | .07 43 | .12 | .05 | 2.40 









































terval between stimuli is the least favorable for response as 
indicated by the average amplitude of the responses elicited. 
As the interval between the stimuli increases to 2 and possibly 
to 4 seconds the amplitude of the resulting responses increases. 
Increasing the interval to 6 seconds results in a decrease in 
the amplitude of the response. The amount of this decrease 
is statistically reliable, as shown in Table III. 

This curve is very similar to that of Lucas and Adrian 
(1917) for the recovery of excitability in nerve tissue. It is 
also quite like those of Telford (1931) for reaction time to 
auditory stimuli and accuracy of judgments. It indicates the 
existence of a refractory period which is followed by a return 
to normal, this in turn by a period of increased excitability, 
then a second return to approximate normality.‘ 

There is considerable difference between the results of the 
first and those of the second and third series of measures, as 
can be seen in Fig. 1. In these series it seems that the refrac- 
tory period has been increased to 6 seconds or more. just 
what factor is operative in bringing about this change is 
difficult to determine. It may be negative adaptation or the 
result of practice in learning to inhibit the wink which has 
taken place in the preceding series. Our data throw no light 
on the question. The writer noticed while acting as subject, 
that after trying to inhibit the wink when so instructed, there 
was a tendency to continue his effort even when the instruc- 


« Readers interested in the nature of the refractory period and summary of previous 
studies relating to the topic are referred to Telford (1931), Dodge (1926 and 1931), 
Sherrington (1906, pp. 44-70), and Verworn (1913, pp. 154-188). 
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tions were to sit perfectly passive and neither attempt to 
inhibit nor facilitate the response. Several of the other 
subjects observed the same thing. This means that they 
experienced considerable difficulty in shifting from one atti- 
tude or set to another. The mere verbal instructions were not 
sufficient to bring about a passive attitude. It will be ob- 
served that these two curves have the same general shape as 
the curve for the first series in Fig. 2. It is possible that after 
practice in inhibiting the response in a previous sitting, the 
tendency to inhibit was carried over into the supposedly 
passive condition. This brought about a partial inhibition 
which involves a lengthening of the refractory period. It is 
interesting to note that no response could be elicited from two 
of the subjects in the passive series after they had succeeded 
in inhibiting the wink in the previous inhibited series. The 
subjects reported that no voluntary inhibition was taking 
place as far as they could tell. The number of previous 
stimulations was probably insufficient to bring about an 
elimination of the response by negative adaptation. There- 
fore, it is likely that the cessation of activity was a carry-over 
effect from the previous practice in inhibiting. This suggests 
a close relationship between the reflex and voluntary ‘levels.’ 

It is interesting to observe what individual differences are 
found among the ten subjects in the shapes of the individual 
curves. These are probably just as important as the general 
trend. Seven of the ten individual curves of the first series 
have the same general form as the composite curve of Fig. I. 
Four of these show the greatest average amplitude of response 
with a 4-second interval between responses. ‘Two show the 
greatest amplitude at the 2- and one at the I-second interval. 
The other three curves reach the highest point when there is 
a 6-second interval between responses. In other words, they 
have the same form as the curves for the second and third 
series. Does this mean that these individuals unconsciously 
inhibited the response from the beginning? Our results throw 
no light on the question. 

Of the eight individual curves in the second series of meas- 
ures, six have the same shape as the composite curve. The 
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two others are like the curve for the first series except that they 
show the greatest amplitudes with a I-second interval between 
responses, then a subsequent drop at the 2- and 4-second 
intervals. One shows a further drop at the 6-second interval, 
the other a slight increase at this interval. 

The data from only two subjects are included in the third 
series and both of them have curves of the same shape as that 
of the combined results. 


Tables IV and V summarize the results of the sittings when 


TABLE IV 


MEan AMPLITUDE OF VOLUNTARILY INHIBITED EYE-wINK RESPONSES WITH VARYING 
TIME-INTERVALS BETWEEN STIMULI 










































































Inter- First Series Second Series Third Series Totals 
val in 
Secs. 
M o N M o N M g N M o N 
4 -II | .15 | 50 | .00 | .00 | 50 | .00 | .oo | it | .8 | «I | IIE 
I 45 | 37 | 96 | .1§ | .20 | 52 | .31 | .25 | 25 | .34 | .35 | 169 
2 54 | -45 | 107 | .28 | .24 | 50 | .45 | .27 | 27 | .46 |] .38 | 184 
4 61 | .45 | 91 | .14 |] .1I9 | 38 | .40 | .26| 10 | .47 | .45 | 139 
6 59 | 38 | 39 | .24] .29 | 31 | .42 | 23] «15 | .42 | 238 85 
TABLE V 
DIFFERENCES AND RELIABILITY OF DIFFERENCES BETWEEN SUCCESSIVE MEANS OF 
Tasie IV 
First Series Second Series Third Series Totals 
Inter- 
vals 
{ee Jee See pitt, le of D.|—Dift 
pared ll. jg O leofD. il. jo O ‘leo D. il. jig O . ea D. if. jo O SoD. 
4&1] .34] .04 | 8.50 | .15| .02 | 7.50 | .31] .05 | 6.20 | .24] .03 | 8.00 
1&2] .09] .06 | 1.50 | .13] .04 | 3.25 14] .08 | 1.75 03] .04 75 
2&4] .07| .06 | 1.17 |—.14] .04 | 3.50 |—.05] .10 50 | .O7| .o5 | 1.40 
4 &6/|—.02] .08 .25 10] .06 | 1.67 02} .II 18 |—.07} .06 | 1.17 









































the subjects were instructed to inhibit the response as much as 
possible. Figure 2 shows these same results graphically. 
Great individual differences were found among the sub- 
jects with reference to their abilities to inhibit the wink. 
Five of the ten subjects obtained control of the wink and were 
able to inhibit the response so soon that not enough measures 


were obtained to give any reliability to the averages of the 
17 
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different time intervals. Consequently, the results from only 
five subjects are included in the curve of the first series in Fig. 
2 and in the corresponding data in Table IV. Three of these 
show the greatest amplitude of response at the 6-second 














Pie, 
Int. in secs. 3 1 2 4 6 


Fic. 2. Mean amplitude of voluntarily inhibited wink responses with varying 
time-intervals between stimuli. 





interval while one reaches its highest point at the 4-second and 
one at the I-second interval. The last mentioned shows a 
decrease in average amplitude at the 2- and 4-second intervals 
and a subsequent increase when there is a 6-second interval 
between responses. Its shape is similar to that of the second 
and third series as shown in Fig. 2. The slight drop in the 
composite curve at the 6-second interval is not significant. 
Only one subject shows a drop at this interval, but the de- 
crease in this one case is quite marked and produces a slight 
decrease in the combined results. Four of the five subjects 
show increases in amplitude when the interval is prolonged 
from 4 to 6 seconds. The individual curves of the second 
series are all of the same shape as the composite curve except 
that one of the three does not show a subsequent increase at 
the 6-second after the decrease at the 4-second interval. The 
third series is represented by only one case, the curve of which 
is seen in Fig. 2. The reliabilities of all of these differences 
can be seen by referring to Table V. 

It will be noticed that the amplitudes of the responses 
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in the third series of Tables II and IV are consistently greater 
than those of series two in the same tables. This is due to the 
fact that those persons whose responses are represented in the 
third series were considerably above the average in the ampli- 
tude of their responses. ‘The curves of these subjects alone 
have for the three series the same shapes as those shown in 
the tables, gradually decreasing in amplitude from the first 
to the third series. ‘There seem to be no other significant 
differences between the responses of these individuals and 
those of the other members of the group. 

Tables VI and VII give the results obtained when the 


TABLE VI 


MEAN AMPLITUDE OF VOLUNTARILY REINFORCED EYE-wWINK RESPONSES WITH VARYING 
TIME-INTERVALS BETWEEN STIMULI 

































































Inter- First Series Second Series Third Series Totals 
val in 
Secs. 
M o N M o N M 0 N M a N 
3 55 | 87 | 120 | .27] .§9 | 134 | .12 | .36 |] 36 37 | .65 | 290 
I 1.43 | .49 | 165 | 1.29] .67 | 157 | 1.06] .56 | 53 | 1.31 | .61 | 375 
2 1.51} .50 | 154 | 1.31] .69 | 250 | 1.27 | .54 2 | 1.38] .60 | 456 
4 1.49 | .§2 | 125 | 1.23] .64 | 195 | 1.06] .50 | 35 | 1.33] -60 | 355 
6 1.40 | .59 52 11.35 | .61 | 63 1.18 | .50 | 37 | 1.33 | -67 | 152 
TABLE VII 
DIFFERENCES AND RELIABILITY OF DIFFERENCES BETWEEN SUCCESSIVE MEANS OF 
TaB.e VI 
Inter- ff ff vf : 
Cals | Dif. |e of DF | pitt. Je of D| 7) pitt. |e of D.| | pitt. |e of D.| 
oasad \ o . " o " 
3&1] .88} .o9 | 9.78 |1.02 | .07 114.57 | .94 | .10 | 9.40 84] .05 | 18.80 
1&2) .08] .o5 | 1.80 | .02 | .07 29 | .21 | .14 | 1.50 .O7| .04 | 1.75 
2&4 |—.02| .06 -33 | .08 | .06 | 1.33 | .21 | .15 | 1.40 |—.05] .04 | 1.25 
4 & 6|—.09| .o9 | 1.00 | .12 | .og | 1.33 | .12 | .16 75 00} .05 .0O 









































subjects were instructed to wink voluntarily each time the 
stimulus was given. Figure 3 shows the same results in 
another form. 

It will be observed that the curve of the combined results 
of the first series are very similar to those of the corresponding 
series in Fig. 1, except that the highest point is at the 2-second 
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interval in this case, while it was at the 4-second for the passive 
series. ‘The difference between the %- and I-second intervals 
is more marked in the case of the voluntarily reinforced 
responses. ‘The decline on the 6-second interval is also less. 

An examination of the nine individual curves for this 
series discloses some variation in the shape of the graphs. 
Seven of the nine are of the same general shape as the compos- 
ite curve shown in Fig. 3. Six of the seven have their maxi- 
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Fic. 3. Mean amplitude of voluntarily reinforced wink responses with varying 
time-intervals between stimuli. 





mum amplitudes when a 2-second interval intervenes between 
responses. The average amplitude of the other is greatest 
at the I-second interval. The other two have the highest 
averages at the 6-second interval. One curve reaches its 
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highest peak at the 2-second interval, decreases at the 4- and 
increases again at the 6-second interval, giving it the same 
shape as the curves for the second and third series as shown in 
Fig. 3. 

The composite curves of the second and third series have 
the same shape as those of the corresponding series in Fig. 2. 
The greatest amplitude is at the 2-second interval. As the 
interval between responses is increased to four seconds there 
is a marked decrease in amplitude. Subsequent increase in 
the length of time interval by two seconds results in a cor- 
responding increase in the magnitude of the response. 

Of the ten subjects whose combined results are shown in 
the curve of series two in Fig. 3, six have the same shape of 
curve as the composite shown. ‘Two are like the curve for 
the first series. One shows a gradual increase in amplitude as 
the interval between responses is increased from % to 6 
seconds. One curve shows an oscillatory effect, the greatest 
amplitude being at the I-second interval with a decrease at 
the 2-second, another increase at the 4-second, and a subse- 
quent drop at the 6-second interval. 

Only three persons are represented in the third series. 
Two of these have curves like the composite, the other shows 
a gradual increase in amplitude of response with increase in 
length of time interval up to the longest period used. 

An examination of the critical ratios in Tables III, V, and 
VII shows that 17 of the 48 comparisons show differences 
greater than four times their standard errors. Two of the 
differences have critical ratios between 2 and 3, 15 from I to 2, 
and 14 are below. It is probable that our method of com- 
bining results from the various subjects decreases the relia- 
bility of the differences. Since the high points of some in- 
dividual curves coincide in the depressions of others, they 
tend to cancel each other in the total results. ‘The consistency 
of the variations for all the subjects indicates that the reli- 
abilities of these differences are really greater than the critical 
ratios indicate. In future work the intention is to get more 
extensive data on each subject so that the reliabilities of dif- 
ferences for each individual can be dealt with separately. 
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DiIscUSSION AND INTERPRETATION 


These results throw considerable light on the general 
problem of the factors influencing the variability of behavior. 
They disclose a progressive change with practice and also a 
change in magnitude of response as the time interval between 
responses is varied. 

The composite curves shown in the figures, as well as the 
results on the different individuals, all indicate a uniform 
tendency for the amplitude of response to be systematically 
influenced by the length of time intervening between re- 
sponses. ‘The various series and different subjects differ only 
in the extent to which they vary and the distances between 
the recurrent fluctuations. In fact these changes can prob- 
ably best be described as oscillatory effects, the decreases and 
increases in efficiency of response reminding one of the dif- 
ferent phases of a sine wave. This oscillatory effect is seen 
clearly in the curves of the second and third series of the 
voluntarily inhibited as well as the corresponding series of the 
reinforced responses. The other curves are possibly just the 
first portions of such waves. 

These results agree in general with those of other workers 
in the field. Dodge (1913) (1931) found that the refractory 
period of the wink reflex may last for 3 seconds. He also 
reports (1927, p. 99) that the first and second of paired wink 
reflex responses (14-second apart) may become approximately 
maximal contractions by voluntary reinforcement. Our 
results show that under the instructions here used a decided 
refractory period was found in spite of voluntary reinforce- 
ment. ‘There is some evidence that the period is shortened, 
but it is not obliterated. Of course, it is possible that if the 
instructions had been to wink as hard as possible and to at- 
tempt to make all equal, obliteration of the refractory period 
could have been accomplished. This was not tried. Only 
two of the subjects knew of the purpose of the experiment. 

Dodge failed to find any absolute refractory period in the 
reflex. An absolute period following the inhibited responses 
was found in the present study. It is possible that if the 
recording device here used had been as sensitive as Dodge’s 
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photographic technique we would have found none. Dodge, 
of course, did not work with the voluntarily inhibited re- 
sponses, consequently our results are not comparable. 

Zwaardemaker and Lans (1899) using rather crude record- 
ing methods found a refractory period of 1 second in length 
in this same reflex. 

Strughold (1927) found in studying the patellar reflex that 
the refractory period may vary from 1 to 6 seconds. He 
employed a stimulus consisting of a hammer of 300 gm weight 
and 25 cm length striking the patellar ligament with a terminal 
velocity of 250 cm a second. Magnitude of response was 
determined by a tambour applied over the quadricepts. He 
found that facilitation by voluntary contraction of the ex- 
tensors in opposing a weight hung over a pulley reduces the 
value in some cases to less than 1 second. Inhibition of the 
quadricepts by contraction of the flexons yields values of over 
6 seconds. ‘This last situation is probably comparable to the 
voluntarily inhibited series of the present study where similar 
results are obtained in the first series, but a shortening of the 
refractory period with an accompanying oscillatory effect 
takes place in the second and third series. It has also been 
suggested that the results in the second and third series of the 
(supposedly) passive condition may be due to the inhibition 
factor. 

A possible shortening of the refractory period is found in 
the first series of the voluntarily reinforced responses although 
it is not so great as Strughold reports. ‘The second and third 
series show oscillatory effects similar to those of the inhibited 
responses. 

Allen (1927) (1927a) (1929) in a series of studies has dis- 
covered similar oscillatory phenomena in a great variety of 
different processes. The one most similar to the responses 
here studied is one of the ‘post-contraction proprioceptive 
reflex.’ In this investigation (Allen, 1927) it was shown that 
voluntary muscular contraction is followed first by a primary 
inhibition and then by post-contraction, and if a second re- 
sponse occurs during this post-contraction period less effort 
has to be expended to produce the same result, or conversely, 
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the same amount of voluntary effort produces a greater result. 
Hence, for example, a weight ‘feels lighter’ than it really 
should. Other workers, particularly Forbes, Baird, and 
Hopkins (1926) have found that the post-contraction is 
followed by a second and even a third post-contraction which 
produce a rhythm but one of rapidly decreasing intensity. 

Allen, in the study referred to above, also discovered 
‘secondary’ inhibition and augmentation periods. These 
are of much longer duration than the primary. 

Thus there exists a primary rhythm of refractoriness and 
enhancement within a larger cyclic fluctuation similar to the 
various activity rhythms of organisms due to the recurrent 
nature of internal drives. 

The results obtained by Forbes, Baird, and Hopkins (1926, 
p. 81) agree with those of Allen as to the existence of the pri- 
mary phenomenon. These authors state that the “ Post- 
contraction—consists in a somewhat prolonged involuntary 
contraction of a skeletal muscle following the cessation of a 
powerful voluntary isometric contraction lasting for 5 seconds 
or more.” 

Travis and Tuttle (1928) discovered periodic fluctuations 
in the extent of the knee jerk and the achilles-jerk. The 
frequencies of the fluctuations varied with the rate of elicita- 
tion of the response. These two reflex movements show 
systematic increases and decreases in extent about every 
third response independently of the rates of elicitation. 

Breitwieser (1911, p. 46), in analyzing kymographic records 
of the excess pressure used in rapid tapping, found that the 
excess or surplus power was expended in rhythmic or pulse- 
like beats. The curve of the amount of energy exerted ran in 
a wave-like form. The greatest excess pressure was made at 
intervals of from ten to twenty taps. He fails to find any 
evidence of a rhythm in the influence of the length of the 
preparatory interval on reaction time. He does find a most 
favorable preparatory interval with a duration of two or 
three seconds. 

Allen (1929) has also discovered inhibition and enhancing 
effects similar to the secondary rhythm following voluntary 
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response in several sensory processes. These rhythms seem 
to be so much longer that it is doubtful that they are of similar 
origin to those found in the present study. A similar phe- 
nomenon was found by the same author when studying the 
secretory activity of the parotid gland. He reports that when 
this gland is stimulated into activity the reestablishing of the 
normal equilibrium is accomplished by alternating inhibitions 
and augmentations of the flow of secretion. If anew stimulus 
be applied at the moment when the inhibiting action has the 
ascendancy, the flow of saliva is diminished. If applied when 
the enhancing is predominant, the flow is augmented. An 
analysis of Lashley’s (1916) study of the same gland shows 
similar fluctuations. These fluctuations are likewise of much 
longer duration than the ones here studied. 

Attention has already been called to the results obtained 
by Telford (1931) when studying accuracy of judgments and 
reaction-times. It was found that accuracy of judgment and 
speed of reaction were greatest when a I-second interval 
intervened between responses. Varying the interval in 
either direction resulted in decreased accuracy and lengthened 
reaction-times. ‘The decrease in efficiency is much greater 
as the interval is shortened than when it is lengthened. 

Bills (1930, pp. 17-18) has recently found that in all of 
five homogeneous tasks: continuous addition and subtraction, 
voluntary perspective reversal, color naming, opposites, and 
substitutions—‘“‘there occur, with almost rhythmic regularity, 
blocks or pauses during which no response occurs. These 
blocks occupy the time of from two to six responses. They 
have an average frequency of about three per minute, although 
individuals differ in rhythm. Practice reduces the frequency 
and size of the blocks. Fatigue increases their frequency and 
size, producing much greater irregularity in the flow of re- 
sponses after an hour. The responses between the blocks 
tend to bunch toward a center, such that a regular wave-like 
effect of alternate crest and trough; or condensation and rare- 
faction results. Fatigue exaggerates the bunching. In- 
dividuals who respond rapidly tend to have fewer and shorter 
blocks than slow individuals. Errors occur consistently 
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opposite blocks, suggesting that the same cause is responsible 
for both; 1.¢., a refractory phase in mental functioning.” 

Woodrow (1930, p. 20) finds that subject can tap in syn- 
chronization with a regular series of sounds most accurately 
(subjects variations, when considered relative to the rate of 
the stimulus sounds, are least) when the second was given 
every 0.8 second. ‘This is quite in keeping with the writer’s 
results on reaction time (1931). 

The basic physiological rhythms of respiration, digestion, 
heart beat, sex functions, and possibly others are of course 
well known. The periodic nature of the neural discharge is 
also familiar to all workers in this field. Action currents 
from the forearm during voluntary flexion of the digits show a 
periodicity of the oscillations. Furthermore, it has been found 
that the amplitude of these oscillations varies periodically. 
(Travis, Tuttle, and Hunter, 1927.) 

All of these results indicate that there are definite funda- 
mental factors producing periodicities in the human organism. 
Many of these are probably smaller rhythms within larger 
cycles. The bases and fundamental causes of many of these 
are unknown and can only be surmised. They probably 
constitute one of the underlying factors producing variability 
in behavior. 

In a great many cases writers have been content with 
simply recording the variabilities of measures obtained ‘under 
the same conditions.’ It is time that we take the problem of 
variability from the scrap heap and study specifically the 
factors responsible for these differences. Perhaps we shall 
find that in many cases the differences are not so lawless, 
random, and unpredictable as they at first appear. They 
may not always constitute a residue of error which limits 
investigation and experimentation as Dodge (1927) has 
shown. For example Allen and Weinberg (1925, p. 389), 
in studying gustatory processes, gathered in the course of 
a month several hundred readings which appeared very 
irregular and confusing. However, instead of throwing them 
into groups, computing averages, variabilities, and treating 
the differences as ‘errors’, they took each measure by itself, 
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plotted the apparently inconsistent readings individually, 
only to find that the points fell on four distinct and well- 
defined curves. It thus became clear that the gustatory 
receptors were sensitive in four different degrees to a stimulus 
of a single intensity and that they were dealing with four types 
of receptors and not just one as they had supposed. 

The wink reflex and knee-jerk have been notoriously 
variable as to amplitude of response. Our results as well as 
those of Travis and Tuttle (1928) throw some light on the 
cause of some of this variability. 

Similar oscillatory effects probably occur in many other 
processes. ‘They may have been obscured by the practice of 
taking several measurements under what were reported to be 
the same conditions and assuming that some average of these 
figures is the ‘true’ value. In many cases it will probably 
be better to consider each measurement as a statement of the 
present state of the organism or size of the response at the 
moment. 

Our own method of recording responses probably leaves 
much to be desired in this respect. It would perhaps be 
preferable to study each of these three types of responses in 
different groups of persons or at least study each of the three 
forms of response, completely finishing one before turning to 
the others. The different types of responses have exerted 
influences on each other in unknown degrees and with results 
which cannot be determined without considerable further 
experimentation. For the discovering of oscillatory phenom- 
ena, a regular interval between responses would doubtless 
be better than a variable one such as we have used here. The 
length of the regular interval could be varied in successive 
series or on different persons and changes could be observed. 
We intend to continue the work along these lines. 

It is difficult to determine the cause of the fluctuations 
discovered in the present study. When similar results were 
obtained in a previous study (Telford, 1931), it was suggested 
that the variations were perhaps based on the refractory 
and hyperexcitable periods of the tissues involved. It was 
then pointed out however that the much greater length of the 
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period in these complex processes than in that of the simple 
tissues threw some doubt on the interpretation. 

Is the oscillatory effect the result of the voluntary factor 
involved? It is not seen in the curves for the passive reflex. 
It is not impossible, however, that if the intervals between the 
responses were sufficiently long a similar effect would be found. 
Perhaps the curve of series one is just the first crest of a wave 
which would show a trough and second crest if continued. 
Has the practice or adaptation involved in the first series 
brought about an increase in the size or length of the wave 
the passive reflex, while producing opposite effects in the 
responses of the other sets? We cannot say definitely from 
our present data, but the curves suggest that this may be the 
case and the possibility opens some interesting problems for 
further investigation. 

Several of the workers already mentioned have attempted 
to correlate their results with the after-discharge known to fol- 
low 1eflex responses. Some have looked to the proprioceptive 
impulses set up in the previous response as a possible explana- 
tion. Others consider the after-discharge to be due to the 
stimulation of proprioceptive sense endings. We, of course, 
have to account for both the inhibitory and the facilitating 
effects. Let us first consider the former. 

Allen and O’Donoghue (1927) state that the latent period 
(inhibition period) of the post-contraction lasts for ‘some 
seconds.’ The other authors do not mention how long after 
the previous voluntary response it is before the post-contrac- 
tion occurs. This period may be the same as our refractory 
period or the period during which the amplitude of the 
response is diminished. The above mentioned authors con- 
sider the after-discharge to be the same as, or the cause of, the 
post-contraction. Still we find Gerard and Forbes (1928) 
accounting for the decline in successive reflexes on the basis 
of the after-discharge. They measured the after-discharge by 
the maintained rise of the lever attached to the cat’s foot when 
studying the flexion reflex. A rather prolonged after-dis- 
charge was observed, lasting from % to 1% seconds after a 
single shock and from 2 to 4 seconds after a short series. That 
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is, the after-discharge is continuous with the response proper 
and is not preceded by a refractory, inhibition, or latent period 
as Allen’s and the results of the present study show. In fact 
Gerard and Forbes consider the after-discharge or ‘line busy’ 
effect a possible explanation of the decreased amplitude of the 
responses to stimuli which follow the preceding response by 
about I second or less. They consider that some of the motor 
neurones continue to discharge for a considerable time after a 
flexion reflex has been elicited by a single shock, and these 
would be refractory to fresh impulse impinging on them from 
afferent fibres. The actual duration of the ‘line busy’ effect 
is found to be only about 30 to 40¢. Some other factor seems 
necessary to account for the refractory period of almost I 
second duration. 

In a previous study the writer (1931) suggested that the 
initial period of inhibition was a period during which there was 
a reinstatement of those tensions and sets which made the 
succeeding responses possible and most efficient. We are not 
able to throw any more light on the nature of the phenomenon. 

The facilitation which follows the refractory period may 
be due to a hyperexcitable period in the tissues involved. ‘The 
long duration of the period and the fact that Adrian (1920) 
has found that even in elementary tissues such a supernormal 
period is not always found makes this explanation rather 
improbable. 

Recent researches have brought to light the part played 
by afferent nerve impulses of intramuscular origin in reflex 
coordination. The impulses themselves have been recorded 
by Forbes, Campbell and Williams (1924), and more recently 
by Adrian (1928). It has also been shown that the stimulus 
which evokes these proprioceptive impulses is tension of the 
muscles. It seems to the writer that the simplest explanation 
of the augmentation effect as found in our results and the 
post-contraction recorded by others is that the secondary 
motor-neurone discharge is reflexly evoked by stimulation 
of intramuscular or proprioceptive receptors in consequence of 
the preceding muscular contractions. The principle difficulty 
of such an explanation is the assumption of a latent period 
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following the preceding response of sufficient duration to 
account for the refractory period. 

Our data also indicate a close relationship between the 
voluntary and reflex levels. Refractory and hyperexcitable 
periods are found under both conditions. Practice on one 
level affects response on the other, but there is evidence that it 
produces a lengthening of the refractory period in the passive 
reflex and a shortening effect on the voluntary level. 


SUMMARY 


Studying the eye-wink of humans (1) as a simple reflex, (2) 
when voluntarily inhibited, and (3) when voluntarily rein- 
forced, we have found: 

1. That in the beginning a refractory period as indicated 
by diminished response is found under all conditions. 

2. Under the first and last condition evidence of a super- 
normal period or interval during which an abnormally large 
response is elicited is found. 

3. Continued practice in these processes brings about: 

(a) an increase in the length of the refractory period of the 
passive reflex. 

(b) a shortening of the refractory period in the voluntarily 
inhibited and reinforced responses, as well as a second increase 
in the average amplitude of response following the decline 
after the supernormal period.. 

4. These phenomena can all best be described as oscillatory 
effects in which periods of depression and enhancement of 
excitability occur. 

5. Considerable individual differences as to the length of 
these rhythms are found. 

6. Similar phenomena in other processes are pointed out 
and tentative explanations offered. 
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COMPENSATORY REINFORCEMENTS OF 
MUSCULAR TENSION SUBSEQUENT TO 
SLEEP LOSS 


BY G. L. FREEMAN * 


Northwestern University 


Few of the previous studies made of the influence of sleep 
deprivation upon performance have shown any marked 
differential effects. A recent reviewer! of this literature 
suggests two alternative interpretations (1) that “‘no impair- 
ment of the reaction apparatus resulted from the insomnia’”’ 
and (2) “‘that the tests were not crucial.’”’ He favors the 
second interpretation as the more conservative and points out 
instances where increased irritability and disorganized be- 
havior are reported to accompany insomnia. ‘The fact that 
the majority of tests used are of the variety which yields 
increments under voluntary ‘effort’ suggests that the subject 
may compensate for the felt impairment of his psycho- 
physiological condition. For example, although Laslett’s ’ 
subjects showed little impairment in performing substitution 
and analogy tests subsequent to 50 hours sleep deprivation, a 
study of their eye-movements* (probably less subject to 
‘effort’ reinforcements) showed profound indications of 
sleepiness. 

If it is true that the organism has certain performance 
standards which it strives to maintain in spite of sleep loss, it 
is proper to ask what is the nature of the reinforcement avail- 

* From the Psychological Laboratory of the Institute of Human Relations, this 
research is one of a series made possible by a grant from the National Research Council 


‘The writer is deeply indebted to his wife, Ruth Sundertin Freeman, for her fine codpera- 
tion in an extremely arduous experiment. 

1 Johnson, H. M., Swan, T. H., and Weigand, F. E., Sleep, Psychol. Bull., 1926, 
23, 482-503; 1930, 27, I-39. 

* Laslett, H. A., An experiment on the effects of sleep loss, J. Exper. Psychol., 
1924, 7, 45-58. 

3 Miles, W. R., and Laslett, H. A., Eye movement and visual fixation during pro- 
found sleepiness, J. Exper. Psychol., 1931, 38, I-13. 
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able for this maintenance. There is some evidence that 
muscular tension is one of factors that act as compensatory 
mechanisms. Laird and Wheeler ‘4 found that mental arith- 
metic done on days following 6 hours sleep involved 25 per- 
cent more ‘energy expenditure’ than did performance which 
followed 8 hours sleep. ‘These authors surmise that muscular 
tension was greater on days following sleep loss but they do 
not discuss what effects this might have upon their results. 
I’xperiments of my own suggest that muscular tension rein- 
forces performance under distraction® and during long- 
continued operations.® The problem of the present research 
was to study the tonus accompaniments of performance 
subsequent to sleep loss with the view of ascertaining if they 
acted as reinforcements. ‘The results confirm this opinion. 


THe EXPERIMENTS 

lor operational purposes it was thought more advisable to carry a limited insomnia 
over a considerable period of time than to confine our experiment to a single extended 
period of sleep loss. In the major experiment, two adults (the writer and his wife) 
served as alternative subject and experimenter for 28 consecutive days. Their amount 
of sleep was systematically varied to include seven periods each of 10, 8, 6 and 4 hours. 
l‘our performance tests, (a) finger oscillation, (6) discrimination reaction, (c) manual 
pursuit, and (d) memory span, were given daily atg a.m. andg P.M. The tonus accom- 
paniments were photographically recorded using the technique of tendon deformation 
as previously described.” Inspection of the experimental schedule shows how the 
practice order of the individual tests was counter-balanced and how it was arranged 
that each of the four periods of sleep fell on seven different week days. 

With the exception of the 10 hour periods the subjects had no difficulty in sleeping 
their alloted hours. Here there was a tendency to awake about an hour before the time 
to arise. ‘This period would thus be more accurately described as ro hours in bed. It 
should also be mentioned that the tests following this period were usually begun around 
9:20 A.M. instead of atg a.m. Reports of feeling tone and indications of more or less 
disorganized social behavior were taken throughout the experiments. Though subject 
F was aware of the purpose of the experiment he did not discuss it with the naive 
subject (S), nor were any results tabulated until the experiment was completed. It is 
important that both subjects always attempted to exert ‘maximal’ effort while doing 





4 Laird, D. A., and Wheeler, W., What it costs to lose sleep, Indus. Psychol., 1926, 
1, 694-6096. 

5 Freeman, G. L., Changes in Tonus during interrupted and completed mental work, 
J. Gen. Psychol., 1930, 4, 309-334- 

6 Freeman, G. L., and Lindley, S. B., Two neuro-muscular indices of mental fatigue, 
J. Exper. Psychol. 1931, 14, 567-605. 

7 Freeman, G. L., The measurement of tonus by deformation of the tendon, 4 mer. 
J. Psychol., 1930, 42, 581-592. 








COMPENSATORY REINFORCEMENTS OF MUSCULAR TENSION 269 


SCHEDULE OF EXPERIMENTAL VARIATIONS 






































ist Week | 2d Week 3d Week 4th Week 

Week-day 7 

Hrs. Test Hrs. Test Hrs. Test Hrs. | Test 

Sleep Order Sleep Order Sleep Order Sleep | Order 
S 4 |ABCD] 6 |DABC, 8 |CDAB| 10 |BCDA 
M 10 |IBCDA| 4 |ABCD] 6 |DABC] 8 |CDAB 
T... s |CDAB| 10 |BCDA| 4 |ABCD/] 6 |DABC 
W.. 6 |DABC| 8 |CDAB] 10 |BCDA | 4 |ABCD 
Th 4 |ABCD| 6 |DABC| 8 |CDAB| 10 |BCDA 
10 |BCDA!| 4 |ABCD]| 6 |DABC| 8 |CDAB 
Sa gs |CDAB| 10 |BCDA| 4 |ABCD| 6 |DABC 





the tests. A wager over who would have the highest scores (when results were finally 
known) furnished the motivation. 





Fics. 1 and 2. Photographic records taken during the tests of finger oscillation 
(Fig. 1) and manual pursuit (Fig. 2). In Fig. 1 the variable white (shadow) line shows 
the finger oscillations and the dark line of the quadriceps tonus. In Fig. 2 the stimulus 
and pursuit reaction are shown in white. The white reference lines are 5 mm apart 
and were produced by the shadows from a grill placed between the moving paper and 
the light source. 
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Fic. 3. Bar diagrams representing the mean quadriceps tonus during the following 
tests, [reading left to right] (1) finger oscillation, (2) reaction time (3) manual pursuit 
(4) memory span. 
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The subject sat in a morris chair during the tests; a screen hid the apparatus from 
his view. Changes in right quadriceps tonus were projected upon moving photographic 
paper by means of a tendon deformer and an optical lever system. Apparatus used 
for the several performances was appropriately connected with delicate wooden levers, 
the shadows of which were also photographically recorded. In Figs. 1 and 2 the 
variable dark lines showed the tonus changes while the white (shadow) lines showed 
the performance. 

Although 15 trials of each performance were given in each experimental session 
only 3 records were actually taken (Ist, 8th, and 15th trials). The length of a trial 
varied with the performance under survey. (a) In the case of finger oscillation each 
trial included 30 seconds of rapid oscillation of the right index. There was a 10-second 
interval between successive trials. (6) The discrimination problem took the form of 
reacting in a direction opposite to the seen movement of a pin head.®  (c) The character 
of the manual pursuit is shown in Fig. 3. A system of pulleys and offsets produced a 
variable rate of sine-wave movement of the stimulus lever. The subject attempted to 
follow this course with his reaction lever. Each trial of this performance was carried 
over a period of 10 seconds, with 10 seconds intervals between. (d) Fifteen series of 
12 digits were read at a rate of two per second. The subject immediately tried to 
repeat the series and the experimenter indicated upon the record each digit correctly 
recalled.9 

Subsidiary Experiments —The results of the major experiment showed that tonus 
and performance scores following 10 hours sleep more nearly approximated those of 
the 4-hour than of the 8-hour period. Since the 10-hour period always followed the 
4, we suspected a carry-over or cumulative effect. ‘Two subsidiary experiments con- 
firmed this opinion. In the first experiment the subjects tried to sleep 8 and 10 hours 
on alternative nights for the period of a week. In the second experiment they slept for 
only 4 hours on each of 4 consecutive days. The usual performances were tested 
twice daily following the procedure of the major experiment. 


RESULTS 

A number of significant comparisons between quadriceps 
tonus and performance can be made upon the basis of the 
results of Experiment I. The average scores as well as meas- 
ures of variability are given in tabular form below. ‘These 
tables are included in the report largely for purposes of record, 
since the comparisons can all be represented more simply in 
graphical terms. 

8 Actually, the subject saw two dimly lighted pin-heads, one fixed and the other 
attached to one arm of a movable lever. This prevented his reaction to the auto- 
kinetic movement of the stimulus object. Both stimulus and reaction levers were 
arranged to give shadow records. 

9 The writer is indebted to Mr. S. B. Lindley who arranged the individual series 


of numbers used in this test. Cards bearing the digits were selected from a box and 
tabulated. Runs of 3 or more consecutive digits were eliminated from the series. 
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TABLE Ia 
hincerR OsciLLaTion AND ACCOMPANYING Quapriceps Tonus Suspyecr F 





























| A.M. Tests P.M. Tests 
Hours a ae 
Sleep Pre-| Output Tonus Output Tonus 
ceding | 
| —————— jE ———____— ad $< 
| Ave. | M.D. | Mean | M.D. | Max. T. Ave. | M.D. | Mean | M.D. | Max. T. 
ain mee i eee meee —| —— 
10 5:7 | +40 9.03 | 4.53 13.2 ‘3 37 16.6 | 4-73 | 21.49 
& 5-6 | .57 | 11.03 | 4.63 | 17.93 5-3 37 11.1 | 4.63 | 17.23 
6 5-5 | .30 | 20.07 | 6.33 | 30.87 5-1 23 16.1 | 0.47 | 25.1 
4 5 50 | 24.77 | 5.77 | 32-93] 4.9 | .37 | 15-6 | 4.47 | 39.3 
Ave. 5-45 | .44 | 16.22 | 5.41 | 23.74] 5.12 | +33 14-9 | 5.06 | 25.78 

















TABLE 1d 


FiInGeER OsciILLATION AND ACCOMPANYING QuaprRIcEPs Tonus; SuByectr S 









































A.M. Tests P.M. Tests 
Hours | 
Sleep Pre- Output Tonus Output Tonus 
ceding —_ _— 
Ave. | M.D. | Mean | M.D. | Max. T. Ave. | M.D. ]| Mean | M.D. | Max. T. 
10 5-4 41 7.3 | II 16.9 .* 32 | 12.9 2.5 21.4 
8 5-5 37 7a 1 &3 12.9 5.16 41 7.1 1.8 16.1 
6 5-03 41 g.6 | I.4 15.1 5 31 4.5 ‘.2 9.7 
4 5.3 35 12.6 | 1.7 24.3 4.6 33 8.9 2.4 20.1 
Ave. | 5-41] 39 9.18 | 1.62 | 17.3 | 5.01 34 8.35 | 1.95 | 16.8 





The performance scores are the average number of finger oscillations per second. 
The mean and maximal tonus changes are given in mm of deflection from the ‘relaxa- 
tion’ baseline taken prior to starting each record. These records magnify the changes 
in tendon deformation (quadriceps tonus) approximately 500 times. ‘The reader will 
remember that there is a mathematical relation between mm of deflection and grams of 
quadriceps tension. 


TABLE Ila 


Reaction Time AND ACCOMPANYING Quapriceps Tonus; SuBject F 























A.M. Tests P.M. Tests 
Hours 
Sleep Pre- Output Tonus Output Tonus 
ceding 
Ave. M.D. Ave. M.D. | Max. T.J| Ave. M.D. | Ave. M.D. | Max. T. 

10 32 .08 2.67 | 1.5 5 .40 12 | 6.13 | 1.5 7.97 
s 31 .O7 1.7 1.37 1.8 39 05 1.87 | 1.13 1.57 
6 .42 .08 3-4 2.33 | 5.67 42 12 | 4.1 1.9 6.83 
4 44 .09 4.17 1.87 | 8.93 53 Il §.3 1.87 | 9.93 

Ave. 37 .08 98 | 1.77 | 5.35 43 10 | 4.33 | 1.80 | 6.59 
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TABLE Id 


Reaction TIME AND ACCOMPANYING Quapriceps Tonus; Suspject §$ 






































| A.M. Tests P.M. Tests 
Hours | : “3 
Sleep Pre-| Output Tonus Output Tonus 
ceding | . 
| : 
| Ave. | M.D. Ave. | M.D. | Max. T.]| Ave. M.D. Ave. | M.D. | Max. T. 
eS Se eee A SS ae Saar Ae 7" 
10 45 .O9 1.2 | .21 2.5 65 .O7 2.2 21 3.5 
S SI .08 1.2 35 2.5 55 -10 2.1 25 4-3 
6 .56 05 1.5 41 2.9 58 .o8 3 .O2 5 
4 56 05 3.3 12 6.1 56 .09 2.5 Of | 3.1 
Ave. | es .O7 1.8 27 3.4 59 08 5 1.7 13 | 2.9 
| 








The reaction time is given in hundredths of asecond. ‘The fact that these averages 
are somewhat longer than for the usual discrimination problem may be due in part to 
the fact that the stimulus had usually traveled some distance before the subject ap- 
prehended the movement. 
TABLE Illa 
MANUAL Pursuit AND ACCOMPANYING Quapriceps Tonus; Susjyecr F 
































A.M. Tests P.M. Tests 
Hours -_ 
Sleep Pre- Work Tonus Work Tonus 

ceding ee 
Ave. | M.D. Ave. | M.D. | Max. Ave. M.D. Ave. | M.D. Max. 

10 17 .O4 9.3 3.67 | 10.47 .18 05 7.83 | 2.4 11.67 

8 16 .03 2.3 2.4 7:57 1S 03 5-4 2.95 9.67 

6 .19 .03 9.17 3.4 21.93 3 .O7 6.13 | 2.63 | 10.97 

4 17 05 7.4 2.4 12.67 19 .06 | 8.2 2.83 | 12.13 
Ave. 14 O4 7.04 | 2.96 | 13.18] .18 05 | 6.89 | 2.70 | 11.11 














TABLE IIld 


MAaNvuAL Pursuit AND ACCOMPANYING QuapRICEPs ToNus; SuBjEcT 5 









































A.M. Tests P.M. Tests 
_ Hours 
Sleep Pre- Work Tonus Work Tonus 

ceding 

Ave. M.D. Ave. M.D. Max. Ave. M.D. Ave. | M.D. | Max. 

10 HI .05 3.7 70 4.9 12 .03 36 | .76| 7.2 

8 .10 .O2 6.3 1.2 12.8 13 .O4 §-2 | 1.12 | 17.01 

6 14 03 5-5 .66 8.7 13 OF §.§ | 1.32 | 11.31 

.I4 .14 3-3 72 7.5 13 .06 5.6 | 77 | 10.05 

Ave. 12 .03 4.7 82 8.05] .13 O4 4:97} .99 | 11.39 

















‘The simplest and most suitable method of tabulating the accuracy of pursuit was 
used. ‘The length of the stimulus and reaction lines of each record was obtained by 
means of a map measurer. Subtracting one sum from the other gave the amount of 
error (in fractions of an inch) in pursuit for the record. Dividing this figure by ten 
gave the average accuracy per second. 
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TABLE IVa 
Memory SpaAN AND ACCOMPANYING Quapriceps Tonus; Supyect F 
| A.M. Tests P.M. Tests 
Hours | _ (UN 
Sleep Pre-| Work Tonus Work Tonus 
ceding eis = 4 
| Ave. | M.D. | Ave. | M.D. | Max. | Ave. | M.D. | Ave. | M.D. | Max. 
10 5.3 | 87 | 9.03 | 4.5 | 18.2 5.3 50 | 3.43 | 1.8 6.67 
8 6.1 | 7 4.73 1.03 | 6.33] 5.2 63 1.77 Ke) 2.3 
6 55 | 9 7.23 | 3-67 | 12.4 5-3 53 6.73 | 4.03 | 11.63 
4 | 5 | 1.01 | 7.6 2.57 | 11.73 | 4.9 53 5.1 3.9 11.9 
Ave. | 5.49 | .87 | 6.89 | 2.94 | II-Q1 | 5.17 55 | 4.26 | 2.65 8.12 
| | 
TABLE IVéd 
Memory Span AND ACCOMPANYING QuapRICcEPps Tonus; SuBject § 
A.M. Tests P.M. Tests 
Hours |” 
Sleep Pre- Work Tonus Work Tonus 
ceding | * a 
| 
Ave. M.D. Ave M.D. Max. Ave M.D Ave. | M.D. | Max 
10 4.2 ‘Ol | 7.3 2.01 | 13.14 | 4.8 53 | 4-6 97 | 7.7 
8 5-1 .67 5-9 1.03 | 10.26] 4.4 47 33 51 4.74 
6 3.3 5 1.6 41 3.01 | 4.3 5 3.5 38 7.51 
4 3.2 85 9.9 2.9 19.16 | 4.2 .Q2 7.§ 1.2 12.4 
Ave. 3-95 2 6.17 | 1.59 | 11.39 ]| 4.42 .60 | 4.47 87 9.09 





























The figures given under work-output are the average number of digits correctly 
reported per trial. 
The above Tables will be interpreted in the following discussion. 


1. Relationship between Work-Output and Mean Quadriceps 
Tonus.—The first rough comparison was made on the basis 
of a dispersion diagram. All of the subjects’ records for a 
given test were used irrespective of the number of hours sleep 
preceding or the time of testing. Performance was repre- 
sented along the abscissz of the diagram and the mean quadri- 
ceps tonus (per second) was represented along the ordinates. 
Kach of these individual dispersion diagrams was then sim- 
plified by division into three classes of work-output. Work- 
output, class 2, included the mean of the output curve and 
50 percent of the cases. Classes 1 and 3 of work output in- 
cluded the remaining cases on either side of the middle division 


7. 


—9 
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(Qi and Q4 respectively). The average mean tonus was then 
computed for the cases included in each class of work output. 
These averages are represented in Fig. 3 by the height of the 
bar diagrams. 

Inspection of the bar diagrams shows the following in- 
teresting facts. (a) The greater the work output the greater 
the tonus accompaniments. This is true for both subjects 
F and S, with the exception that the relationship is reversed 
in the reaction tests of S. We need not be particularly con- 
cerned with this reversal, since the tonus changes were so 
slight (average 1.8 mm) that they may have been confused 
with accidental waves. (b) The amount of tonus-change is a 
function of the performance tested. According to this cri- 
terion, the performances are arranged in the following order, 
which holds for both subjects: (1) finger oscillation, (2) 
memory span, (3) manual pursuit, (4) reaction time. (c) 
It is also apparent that there are individual differences in the 
tonus accompaniments of work. Subject F shows more 
extensive changes in all tests than does subject S. The results 
agree with our knowledge of these subjects’ general behavior: 
F is a somewhat nervous and excitable individual, while S 
is relatively calm. 

2. Relationship between Amount of Sleep and the Tonus 
Accompaniments of Subsequent Work.—A glance at Tables 
I-IV indicates that the tonus-changes vary more with the loss 
of sleep than do the performance scores. This fact is shown 
graphically in Fig. 3. The relative level of work output 
following different amounts of sleep is indicated by crosses. 
The relative heights of the bar diagrams show the mean 
quadriceps tonus which accompanied the experimental! vari- 
ables. We see that tonus-changes following 10 and 4 hours 
sleep are much more extensive than are those following 6 and 
8 hours. Since the 10-hour periods always followed the 4, sub- 
sequent performances may have suffered a cumulative effect of 
sleep loss; we may tentatively assume that the same factors 
influenced both groups of records. We surmise that a very 
important one of these factors is the autogenic reinforcement 


consequent to the maintenance of certain organic standards of 
19 
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performance.’® The subjects’ reports indicate that they had 
to make greater effort to perform efficiently on days following 
serious sleep loss. Since they were able to ‘check’ their 
performance in only one test (memory span) it is highly im- 
probable that they had any accurate notion of the amount of 
impairment for which they must compensate. 

Compensation by way of muscular reinforcement seemed 
to come more by way of some subjective ‘standard.’ Both 
subjects frequently reported that they ‘felt worse’ after 10 
hours sleep than after 4 hours. A comparison of their tonus 
and work-output for these two periods favors the view that 
they tended to overcompensate following the 10 hours period; 
that is, tonus was unnecessarily high and performance fre- 
quently surpassed the 8 hour ‘standard.’ The question may 
be raised whether or not performance following 8 hours of sleep 
provided suchanorm. Ifthe 4 hour period influenced the Io, 
so also did 1o influence 8, 8 influence 6, and soon. But the 
fact that the subjects were usually accustomed to about 8 
hours of sleep, together with the records obtained in the 
subsidiary experiments indicate that work following the 8 
hour period most nearly approximated a ‘normal’ standard 
of performance. There is little doubt, however, that even 
here there was some slight impairment due to the cumulative 
effects of the experiment. ‘The results from about 1,000 trials 
at finger oscillation on the month preceding the sleep experi- 
ment gave an average performance of 5.7 oscillations per 
second for subject F. (His average a.m. score following 8 
hours sleep is 5.6.) In the opinion of the writer the relative 
comparisons which can be made of the data are more significant 
than any with an alleged ‘norm.’ This comparison would 
be clearer theoretically if the level of work output was exactly 
the same following all periods of sleep. 

3. The Relationship between Time of Testing and Quadriceps 
Tonus.—The a.m. and p.M. averages given in Tables I-IV 


10‘Organic regulation’ is a common phrase in current biology. Among the 
researches which indicate the importance of th s principle in psychology are the follow- 
ing; J. J. B. Morgan, The overcoming of distraction and other resistances, Arch. Psychol., 
1916, 35, pp. 84 and Zeigarnik, B., Uber das Behalten erledigter u. unerledigter Hand- 
lungun, Psychol. Forsch., 1927, 9, 1-85. 
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show instances both of lowered p.m. tone and performance 
and of higher p.m. tone without decrement in performance. 
When the comparison is made upon the basis of the same three 
class divisions of work-output as previously used, an interest- 
ing uniformity may be observed. In Figure 4 it is apparent 
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Fic. 4. Graph showing the a.m. and p.m. quadriceps tonus which accompanied 
3 classes of work-output. 


that the tonus accompaniments of the upper quartile devision 
of work-output are much more extensive in the morning than 
when the records are obtained at an evening session. This 
fact holds for both subjects and for all the performances 
tested. It indicates that there is a tendency for tonus to be 
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greater when evening performance equals the efficiency of 
work done in the morning. ‘The whole question involves the 
matter of diurnal work rhythms, a topic which cannot be 
properly discussed within the limits of this paper. The deduc- 
tion made is probably valid in case the individual does his 
best work in the morning. This was true of both the subjects 
in question.!! 

The writer does not attempt to explain the fact that a 
greater amount of A.M. tension sometimes accompanied the 
first two groups of scores. To be really significant the entire 
comparison should be made with an equivalent number of 
cases in each group. This could be done in a research spe- 
cifically directed to the study of the problem. In the present 
instance, there are more P.M. cases in the below-par class of 
work-output and more A.M. cases in the above-par class. If 
the deduction that tonus is higher for night performance 
which equals morning efficiency is to hold on theoretical 
grounds, the level of work output should be the same for both 
periods of testing. This state of affairs was only poorly 
approximated in our experiment (see Tables I-IV). 

4. Variability in Work-Output and Tonus during Individual 
Trials.—Inclusion of all the data taken by trial would not be 
justified by the limited use which would be made of them. 
In general, it may be said that the tonus accompaniments 
were highly variable in successive trials. While the work 
output tended to fall off slightly during the period of testing, 
tonus showed both increment (reinforcement) and decrement 
(adaptation phenomenon). A typical comparison may be 
drawn from the average work and tonus scores in the tests 
of finger oscillation, tabulated below. 


FINGER OSCILLATION; A.M. TESTS 

















tst Trial 8th Trial 15th Trial 
Subj. 
Ave. Ave. mm Ave Ave. mm Ave Ave. mm 
Output Tonus Output Tonus Output Tonus 
aad 5-4 19.2 5.6 15 5.1 14.3 
ere 5.5 9.2 5.3 fe) 5.2 10.4 























The topic of diurnal tonus rhythms has never been studied systematically. 
R. C. Travis (J. Exper. Psychol., 1924, 7, 202) gives a graph showing that a subject’s 
tonus was lower at 8 p.M. than at 8 a.m. The writer’s study of the problem has not 
reached the stage where satisfactory report can be made. 
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FINGER OscILLATION; P.M. TESTS 














1st Trial 8th Trial 15th Trial 
Subj. 
Ave. Ave. mm Ave. Ave. mm Ave. Ave. mm 
Output Tonus Output Tonus Output Tonus 
PF... 5-4 21.3 5.2 18. 4.9 12.7 
in 5-14 8.7 5.1 11.2 4.8 7.9 























5. Subjective Reports of the Consequences of Sleep Loss.— 
One of the most interesting sidelights of the major experiment 
was the effect of the sleep losses upon general and social be- 
havior. Aberrations in mode of living, health, attitude to- 
ward work and other individuals became characteristic after 
the first week of experimentation. Both subjects began the 
work in unusually fine health and spirits. Subject S in 
particular did not expect to suffer any marked effect from the 
experimental variations. It was planned to continue the 
routine of living in the usual way. But this proved impos- 
sible. By the end of the second week both subjects were 
finding it increasingly difficult to be sociable. F’s contacts 
with his colleagues were frequently tinged with caustic jibes; 
and the cantankerous outbursts which occasionally occurred 
between the two subjects were often quite uncivil. It should 
be noted that even during this period psychological per- 
formances were not noticeably decreased. The change was 
chiefly one of increased irritability, which took the form of an 
over-critical attitude toward other individuals and an in- 
creasing tendency toward irrational and emotional behavior. 
Prior to the tests, both subjects were reputed to be very 
congenial. With the relative fatigue of these acquired 
‘graces’ and the release of adjustment patterns of lower 
order, it became necessary to forego attendance at all social 
events in order to preserve this reputation. 

It was not until the experiment was half completed that 
subjects began to find difficulty in keeping awake for the 
alloted time. Theatre attendance, the reading of detective 
stories and long walks were only partially successful, since 
short cat-naps occasionally occurred. The fact that the 
subjects could ‘check up’ on each other almost constantly 
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was a distinct advantage here. In time it became a kind of 
game for each individual to make sure that the other was not 
getting more rest thanhe. By the 4th experimental week, the 
subjects began to lose weight. S, with a normal weight of 
135, dropped to 133; F who usually weighed 150 showed a loss 
of 4 lbs. F’s loss may be complicated by the fact that he 
contracted a cold. Both subjects occasionally reported 
feelings of impending illness, headache, etc; but with the 
above exception, no major abberation occurred. Irritability 
and childish behavior persisted throughout the experiment. 
Towards the end, loss of coordination made the adjustment 
of the apparatus difficult. F was inclined to lay this difficulty 
to S, who, he claimed, was not sitting still. Her reaction to 
the reproof was also emotional with the occasional accom- 
paniment of tears. In spite of even such interludes both 
subjects made an effort to enter upon the tests in a vigorous 
and competitive manner. Hence the disorganization of 
behavior, noted above, was not represented in the actual 
performance tests. 

6. Residual and Cummulative Effects of Sleep Loss (Sub- 
sidiary Experiments).—(a) When 8- and 1o-hour periods of 
sleep were taken alternately, no marked differential effects 
occurred in either performance or tonus. A comparison of 
Tables Va and Vb with Tables I-IV shows the importance of 
this control series. The averages are figured upon the basis 
used in the former tables. 

(b) Since there is no noticeable increase of tonus subse- 
quent to 10 hours sleep when this variable follows an 8-hour 


TABLE Va 
PERFORMANCE AND ToNnus oF Susject F 








After 8 Hours Sleep After 10 Hours Sleep 





Performance Output Tonus Output Tonus 





Ave. M.D. | Ave. M.D. | Ave. M.D. | Ave. M.D. 





Finger oscillation........ 5-62 | .39 | 18.1 | 1.61 | 5.69 | .47 13.6 | 2.66 
Reaction time........... 34 | .06 3.4 8 40 | .057 1.9 wr 
ee 18 | .03 9.6 | 1.5 -I9 | .038 | 14.7 | 2.8 
Memory span........... 5.8 8 77 1 2. 5.8 87 8.1 | 2.8 
ey 9.7 | 1.5 9.6 | 2.18 
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TABLE Vd 
PERFORMANCE AND Tonus oF Susject S 
After 8 Hours Sleep After 10 Hours Sleep 
Performance Output Tonus Output Tonus 

Ave. M.D. | Ave. M.D. | Ave. M.D. | Ave. M.D. 

Finger oscillation........ 5-5 37 4.6 | 1.9 5.8 42 5.8 | 2.1 

Reaction time...........| -44 | .O7I 5.1 1.3 .43 | .073 3.6 | 1.7 

ark hein iw hae 21 | .043 | 5.8 | Wt 21 | .047 | 4.5 | 1.2 

Memory span........... 4.1 81 3.1 | 1.8 3.9 75 2.4 8 
Mbshekssnoscbbececoas 4.6 | 1.52 4.1 1.45 





























period, we may conclude that the increments found in the 
major experiment were largely the consequence of a carry- 
over effect from the 4-hour period. Tables VIa and VIb 
show that there is such a cumulative influence at work follow- 
ing consecutive 4-hour sleep periods. 
low are averages per second. 


TABLE VIa 
PERFORMANCE AND TONUS 
SUBSEQUENT TO CoNSsECUTIVE PeERIops oF Four Hours Steep, Susject F 


The figures given be- 









































1st Period 2d Period 3d Period 4th Period 
Performance 
Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave 
Output | Tonus | Output | Tonus | Output | Tonus | Output | Tonus 
Finger oscillation....| 5.1 18.8 | 4.9 19.4 | 4.5 23.6 | 4.7 27.9 
Reaction time.......]  .4I 5.1 37 4.5 .40 4 77 5.8 
OO” are 21 | 14.8 32 6.2 24 7.5 32 2.1 
Memory span....... 7.3 8.1 | 4.7 4:7 | 3-5 3 4 4:3 
Pi nansincenenen 11.7 8.7 9.5 10 
TABLE VId 


PERFORMANCE AND TONUS 
SUBSEQUENT TO CONSECUTIVE PERIODS oF Four Hours Steep, Supyect S$ 








Performance 








Finger oscillation.... 
Reaction time....... 























Ist Period 2d Period 3d Period 4th Period 
Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. 
Output | Tonus | Output | Tonus | Output | Tonus | Output | Tonus 
5.2 2.6 | 5 16.1 | 4.7 20 4:7 24.2 
0 | II. 65 1.2 64 2.7 74 | 24.5 
22 5 31 1.4 28 2.2 31 3.6 
6 4:7 | 9.1 43 | 3 5 1.8 3-7 

5.8 5-7 7.9 8.5 
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Inspection of the above tables show that the work-output 
tends to fall off under the cumulative effects of sleep loss 
although the accompanying quadriceps tonus does not. This 
would indicate that the efficacy of tonic mascular reinforce- 
ment is somewhat limited; that is, the time may come when 
the subject’s attempt to compensate for sleep loss will produce 
little or no effect. 

Discussion 

The limited number of subjects used in the experiments 
does not warrant too sweeping conclusions. The P.E. of the 
tonus scores may seem quite high until we recall how highly 
variable these changes are independent of such an experi- 
mental variable as sleep. The fact that the changes are in 
the same direction and the close agreement between subjects 
is therefore especially significant. This agreement favors the 
opinion, previously expressed, that the organism seeks to 
maintain some sort of ‘subjective’ standard of performance in 
spite of sleep loss and to compensate by such reinforcement 
processes as those of muscular tension. According to this 
view, if the same level of performance were maintained follow- 
ing 10, 8, 6, 4 hours of sleep respectively, the theoretical rela- 
tionship of the amount of necessary reinforcement subsequent 
to these respective periods would resemble a staircase. This 
is assuming, of course, that the sleep periods are sufficiently 
separated in time so as to have no cumulative effect one 
upon the other. 

While our results indicate that the organism may com- 
pensate for the effects of sleep loss during certain specific 
tests, there is little evidence that such reinforcement will be 
equally effective over an extended period of insomia. The 
almost constant drain made upon those processes (such as 
muscular contraction) which furnish reinforcement brings 
increased irritability and exhaustion psychoses as a natural 
consequence. Our major experiment seems to show that even 
a 10-hour period of sleep fails to make up for the effects of 
only 4 hours sleep on the night before. It is even doubtful 
if the 8-hour period left the subject entirely recovered from 
previous insomnia. ‘The conclusion to be drawn, apparently, 








COMPENSATORY REINFORCEMENTS OF MUSCULAR TENSION 283 


is that the organism recovers rather slowly from the effects 
of sleep loss; although these effects tend to be compensated 
for in competitive and highly motivated performance by 
such reinforcement processes as those of muscular tension. 


SUMMARY 


Previous experiments designed to test the effects of sleep 
loss upon subsequent performance have given disappointingly 
ambiguous and negative results. The writer’s own studies 
in muscular tension have shown that tonus acts as a com- 
pensatory mechanism during ‘efforts,’ ‘fatigue,’ and ‘dis- 
traction.” The problem of the present research was to 
explore for such autogenic reinforcements following sleep loss. 
Two adults (the writer and his wife) served as alternative 
subject and experimenter for 28 consecutive days. The 
amount of sleep was systematically varied to conclude seven 
periods each of 4,6, 8 and 1o hours. Four performance tests 
(finger oscillation, discrimination reaction, manual pursuit 
and memory span) were given daily at 9 a.m. and g P.M. 

Data indicates that while the efficiency of performance 
may remain at about the same level, the tonus accompani- 
ments of the work are higher for days following serious sleep 
loss. A higher degree of tension tended to accompany night 
work which equalled the efficiency of morning performance. 
In a series of subsidiary experiments it was found that the 
cumulative effect of prolonged insomnia (consecutive 4-hour 


sleep periods) tended to destroy the efficacy of tonic muscular 
compensation. 


(Manuscript received March 30, 1931) 








STIMULUS DISPERSIONS IN THE METHOD OF 
CONSTANT STIMULI 


BY L. L. THURSTONE 
University of Chicago 


The purpose of this paper is (1) to develop a method of 
numerically evaluating the stimulus dispersions for stimuli 
that have been experimentally presented by the constant 
method, (2) to compare two forms of approximation of the 
law of comparative judgment, namely, Case III which allows 
for differences in stimulus dispersion among the stimuli, and 
Case V which assumes that all of the stimulus dispersions are 
equal, and (3) to describe a criterion by which to decide 
whether Case III or Case V should be used with a set of data 
collected by the method of constant stimuli. Since the pres- 
ent study is a continuation of previous work on the law of 
comparative judgment the concept of stimulus dispersion (1) 
and the concept of the psychological or experiential continuum 
will not here be repeated. For the same reason the assump- 
tions underlying the five cases of the law will not be repeated. 
We are concerned here with the solution of a problem that has 
been found rather troublesome, namely, the numerical 
evaluation of the dispersion or ambiguity of each stimulus. 
Description of the experimental data and the two cases under 
which they may be treated will be preceded by a short dis- 
cussion of the logic of the problem. 

Psychophysics is the quantitative study of the discrimin- 
atory process. In such a study we deal with two principal 
continua, namely, the physical stimulus increments and the 
apparent or experienced increments. ‘These two continua 
are designated the R-scale for stimulus increments and the 
S-scale for the apparent or experienced increments. Fechner’s 
law expresses the logarithmic relation between these two 
variables in the form S = & log R in which & is a constant 
and in which the experienced increments are measured from 
the experience of unit stimulus as an origin. 
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A psychophysical problem may be stated in two essentially 
different ways. First, it may be the problem of describing 
the discriminatory process in terms of the physically measured 
stimuli or, second, it may be the reverse, namely, to describe 
the stimuli in terms of the discriminatory process. Both of 
these types of psychophysical problem employ the same 
experimental methods and the same logic. Of these two types 
of problem the first is much the more common in psychophys- 
ics but it is probable that the second type of psychophysical 
problem is much the more important for psychology. Limen 
determinations belong to the first type in which one aspect 
of the discriminatory process is described in terms of a stimu- 
lus measurement. The limen is a stimulus measurement 
which is used to describe the discriminatory process. It will 
be readily seen that this first type of psychophysical problem 
is much the more restricted because it can be stated only for 
those stimuli which can be rather unambiguously measured, 
physically, in the attribute by which they are discriminated. 
No such limitation exists for the second type of psychophysical 
problem in which we pivot on the discriminatory process so 
that stimuli and their differences are described in terms of the 
discriminatory process. Thus, for example, the similarity or 
difference between two stimuli 4 and B may be described 
in terms of the ease with which they are differentiated even 
though neither stimulus can be physically measured in the 
attribute by which the subject differentiates between them. 
Of course, the same problem can also be stated for those 
stimuli that can be so physically measured but physical 
measurement of the stimuli is in no sense a prerequisite for 
the description of their degree of similarity in terms of the 
ease with which they are actually differentiated. 

Suppose that a series of brightnesses are to be studied by 
the two formulations here described. According to the first 
we should determine, experimentally, that brightness incre- 
ment from any one of them as a standard which is correctly 
discriminated in, let us say, 75 percentofthe attempts. That 
stimulus measurement would be the limen. But with the 
same data before us we may reverse the question and ask how 
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many experiential units there are between two of the bright- 
nesses. ‘That question can be answered without even knowing 
the photometric values of the brightnesses and without alter- 
ing the psychophysical experiment. 

In both of these forms of the problem we need to have an 
experiential unit of measurement. It is necessary for the 
limen determination as well as for our second formulation of 
the psychophysical problem. The just noticeable difference 
is regarded as experiential unity but it is of course measured 
physically. The writer has proposed a truly mental unit of 
measurement, the discriminal error (2), as a substitute for the 
just noticeable difference since the discriminal error is by 
definition an experiential process and as such it is more ap- 
propriate for measuring experienced increments than the 
physical measurement, the j.n.d. 

In the method of constant stimuli there are two stimuli 
presented to the subject for discrimination in a prescribed 
attribute. If the stimuli can be physically measured it is of 
course possible to say definitely whether any judgment of 
the subject is correct or incorrect. ‘The correctness of an 
experienced difference between the two stimuli is assigned then 
by pivoting on the physical measurement as relatively in- 
fallible. If the two stimuli cannot be physically measured 
in the attribute judged, then the judgment is handled statis- 
tically in the same way except that the judgment returned 
in the majority of the attempts is then called the correct 
order. This latter criterion of correctness agrees with the 
first and is applicable to stimuli that can be physically meas- 
ured as well as to those stimuli that cannot be physically 
measured in the attribute by which they are discriminated. 
Hence the latter criterion is the more universal and psycho- 
logically the more significant. 

The principal psychophysical problem is the measurement 
of the experiential increment between the two stimuli because 
their physical measurement presents no psychological problem 
when the attribute that is discriminated can be physically 
defined. In psychophysical problems of this type it has been 
assumed that equally often noticed differences are psycho- 
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logically equal. This assumption is known as the Fullerton- 
Cattell theorem and it is no doubt correct for many simple 
stimulus series but it is not valid for stimuli that differ in 
what the writer has defined as stimulus ambiguity (1). By 
this is meant the dispersion projected by the stimulus on the 
experiential or psychological continuum that has been de- 
scribed so that it lends itself to objective experimental 
treatment. 

The law of comparative judgment is the fundamental 
equation for the method of constant stimuli. It expresses 
the experiential increment as a function of the frequency of 
similar discrimination, pay», and the two stimulus ambiguities 
or dispersions on the experiential continuum, og anda. The 
law has been discussed under five cases (1), each of which has 
its Own assumptions and approximations. In the simplest 
case the stimulus dispersions are all assumed to be equal 
and the Fullerton-Cattell theorem is then valid. The cus- 
tomary stimuli of psychophysical experimentation such as 
brightnesses, line lengths, and lifted weights, are obviously so 
uniform as to stimulus dispersion or ambiguity that the use- 
fulness of the equation of comparative judgment is more 
clearly demonstrated on stimuli that may be assumed to vary 
considerably in stimulus dispersion. Such is the case with 
the affective values (4) of nationalities and races in response 
to the question, ‘‘Which would you rather associate with? ” 


THE EXPERIMENTAL DATA 


A printed schedule of pairs of nationalities and races was 
submitted to 250 children in the Hyde Park High School in 
Chicago. The instructions were as follows: 

“This is an experimental study of attitudes toward races 
and nationalities. You are asked merely to underline the 
one nationality, or race, of each pair that you would rather 
associate with. For example, the first pair is: 


ENGLISHMAN—SOUTH AMERICAN 


“Tf, in general, you prefer to associate with Englishmen 
rather than with South Americans, underline Englishman. If 
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you prefer, in general, to associate with South Americans, 
underline South American. If you find it difficult to decide 
for any pair, simply underline one of them anyway. If two 
nationalities are about equally well liked, they will have about 
the same number of underlinings in all of the papers. Be 
sure to underline one of each pair even if you have to make a 
sort of guess.” 

The schedule contained a list of pairs of nationalities and 
races so arranged that each of the nationalities listed in Table 
I was paired with every other nationality and race in the list. 
Since there are thirteen nationalities in the list there were 


n(n — 1) 
2 





= 78 experimentally independent judgments from 
each subject. 


It is entirely irrelevant for the purposes of the present problem 
whether each of the thirteen social stimuli were nationalities 
or races or religions in any anthropological sense. It is 
possible for example to have a prejudice against South Ameri- 
cans without reference to any particular South American 
country and hence such a category is legitimate for a psycho- 
physical study even though it might be entirely illegitimate in 
an anthropological study. We shall refer to the thirteen 
stimuli as nationalities without repeating this reservation. 

In Table I we have a summary of the preferential judg- 


TABLE I 


EXPERIMENTAL PROPORTIONS 











I 2 3 4 5 6 7 8 9 10 II 12 13 
Eng.| Ca Fr Ir Sc Sw Ge. | Ho. | Sp Be. | S.A. | Jew | It 
1 |Eng.| — | .388].218 | .324 | .165 |.221 | .227 | .162 | .144 | .103 | .065 | .155 | .066 
2 | Ca. |.612| — |.457 | .406| .280 | .260 | .297 | .102 | .201 | .100 | .088 | .180 | .073 
3 | Fr. |.782 1.543 | — |.541| 500] .370] .380] .255 | .184 | .214 | .149 | .192 | .O81 
4 |Ir. |.676|.594].459| — | .361 | .387|.378 | .253 | -273 | -243 | .162 | .221 | .128 
5 | Sc. |.835]|.720] .500| .639] — | .400] .409 | .268 | .249 | .258 | .262 | .223 | .128 
6 | Sw. |.779 | .740 | .630 | .613 | .600} — |.471 | .444 | .377 | 317 | -318 | .229 | .228 
7 | Ge. | .773 | .703 | .620 | 622] .591 | .529| — | .347 | -391 | -325 | -345 | -253 | -152 
8 | Ho. | .838 | .898 | .745 | .747 | .732 | 556] 653 | — | -471 | -432 | -389 | .263 | .310 
Q | Sp. |.856].799 | .816 | .727 | .751 | .623 §29| — |.510]| .422 | .289 | .217 
10 | Be. | .897 | .900 | .786 | .757 | .742 | .683 | .675 | .568 | .490] — |.461 | .360] .271 
tr |S.A.].935 | .g12 | .851 | .838 | .738 | .682 | .655 | .611 | .578 | .539 | — | -420] .320 
12 | Jew | .845 | .820 | .808 | .779 | .777 | .771 | -747 | -737 | -711 | 640] 580] — | .524 
13 | It. | .934 | 927 | .919 | 872 | .872 | .772 | .848 783 | .729 | .680 | .476| — 
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ments of our subjects. It shows the proportion of the sub- 
jects who preferred each nationality at the top of the table to 
each nationality at the side of the table. For example, the 
proportion of subjects who preferred Hollanders to Canadians 
was .102 and, since the intermediate category of judgment was 
not allowed, the proportion of subjects who preferred Cana- 
dians to Hollanders was .898. All of the other entries in 
Table I are read in the same manner. 

In Table II we have the corresponding x-values which 
were read directly from the Kelley-Wood tables. Continuing 
the same example, we enter the Kelley-Wood tables with the 
proportion .102 and we find the x-value 1.27 which has a 
negative sign because the proportion .102 is less than .50. 
When the proportion is greater than .5o the x-value has a 
positive sign (4). At the foot of each column is the algebraic 
sum of the x-values, =x, and the standard deviation, V, of 
the column of x-values. 

The law of comparative judgment in Case III is written 
in the form (1): 





Si ae Ss = xpVor -+ o>". (1) 
This equation can be written in the linear approximation form: 
Si — Sp = .707x201 + .707X1202. (2) 


which has been called Case IV. When the two stimulus dis- 
persions in (1) are assumed to be equal to unity the law 
takes the simplest form, namely, 


S; — & = x9V2. (3) 
which we have called Case V. 


Case V oF THE Law oF COMPARATIVE JUDGMENT 


The data will be evaluated first by Case V because it is 
the simplest. Let S, be the scale value of any one of the 
thirteen stimuli. We then have 


S; “—_ Sk = x4V2. (4) 


Summing for all thirteen stimuli, we have 


nS; — LS, = V2 Ux. (5) 
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But we may allocate the origin at the mean of all the experi- 
ential values so that 


=S, = 0, (6) 
and then _ 
nS; = V2 UX ike (7) 
Hence, 
ée 
S: = — UX 1k (8) 


The sum of the first column of x-values is 11.36 and hence the 
affective or experiential value of the first stimulus is +1.2357. 
This is the affective value recorded for the English in Table 
III by Case V. All the other affective values by Case V are 
computed in the same manner. See Table III. The sum of 
the affective values in Table III is —o.ooo1 or practically 
zero as postulated in equation 6. 


TABLE III 


CoMPARISON OF DISCREPANCIES FOR CASE III ANp For CASE V oF THE LAw oF 
CoMPARATIVE JUDGMENT 

















. Case III 
Affective y owl 

Mae | Discren. | Afestive | Spimutue) Ayer 
S g crep. 
SRE OE er 1.2357 | .0372 1.4050 | 1.3121 | .o185 
iia as ns Se wep eae 9714} .0386 8718 | .8295 | .0299 
5 EGER SUNT: Sg WON oR 5777 | .0398 .4902 | .7062 | .0288 
tind 6a be ae ees aneleine sacks .5689 | .0261 6159 | 1.1791 | .0132 
Ria i 6 io dag baeig aaaedecd 3329 | .0445 .2828 | .7015 | .0364 
cde eA ies 4 cache bbs wan .0740| .0248 .1029 | 1.0837 | .0256 
Nd ibis bb cae waaiee ae IIIO| .0222 .1298 | 1.0122 | .0222 
De cvec bbb besone cebu — .3362 | .0370 —.2573 | -7634 | .0319 
Ee a le —.2805 | .8224 | .0311 
I ivvcanceccteanssenssccal OR? Je —.4229| .7646 | .0194 
11 South American................| —.6865 | .0296 —.5686 | .7170 | .0254 
IZ Jew... ccc cece eee e cece cece cee| 8224] .0582 | —1.2540]| 2.1167 | .0225 
TEESE Ly nae ee —1.1661 | .0395 | —1I.1151 | .9918 | .o191 

IS oi a: a6 ni Ke eet 36 oa 0.0000 |13.0002 
PL s4 dy oses 40 sk abbeeeenanen 0355 0249 




















With the thirteen scale values in Table III calculated by 
Case V, we next ascertain how well these scale values fit the 
data. The thirteen scale values should lock the 78 experi- 


mentally independent proportions on Table I. For example, 
20 
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the scale values of the Canadians and the Spaniards are 
+.9714 and —.3514 respectively. Their difference is 1.3228 
which when substituted in equation I gives an x-value of .935 
and this, by the Kelley-Wood tables, gives an expected pro- 
portion of .825 favoring the Canadians when compared with 
the Spaniards. The experimentally obtained proportion was 
.799 which shows a discrepancy of .026. This is a fairly 
satisfactory agreement. In order to ascertain the agreement 
over the whole table, the 78 discrepancies were calculated as 
in the above example. In the fourth column of Table III 
we have the average discrepancy between the experimental 
and the calculated proportions for Case V. Thus, in Table III 
the average discrepancy between the twelve experimental and 
calculated proportions for the English is .0372, for the Ger- 
mans it is smallest, namely, .0222, while for the Jews it is the 
largest, namely, .0582. The average discrepancy for the 
whole table is .0355 which is here the principal value sought. 
This value we shall compare with the average discrepancy for 
Case III in which the stimulus dispersions are not assumed 
to be equal. 


Case III oF THE LAw oF COMPARATIVE JUDGMENT 


If we write equation 4 for any two stimuli such as the 
English, No. 1, and the Canadians, No. 2, we have 


Si — S, = xuv2, (9) 
So ane Sk = Xo4V2. 
Subtracting, 
S; — Se = x2 = x2N2, (10) 


in which (S,; — S2) is constant, namely, the difference between 
the two scale values for the English and the Canadians, ir- 
respective of the nationalities that are successively represented 
by the notation k. Equation 10 may be rewritten in the form, 


S,-S 
Xk = Xx +, (11) 


in which 


2 
~“— = a constant. 
2 
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Now, this is evidently the equation of a straight line with a 
slope of unity. It may be tested by plotting experimental 
values of x, against x2, and similar tests may be made for 
any other pair of columns in Table II. When that is done 
it is seen that the best fitting straight lines do not have a slope 
of unity and the author suspects the reason to be largely in 
the differences of stimulus dispersion among the thirteen 
stimuli. For this reason we may try Case III which does not 
make the assumption that the dispersions are all equal. 

We may write the law of comparative judgment for two 
stimuli 1 and & in the form: 


Si — Se = .707%14.01 + .7O7 X10, (12) 
and, similarly, for the stimuli 2 and k: 
Ss ~~ Sk = .707X2402 +- JOT X2kCk- (13) 


Subtracting, we have 


Si —_ Ss = 707 X1K (01 + ox) om -707 X2K(F2 +- ox), (14) 
Or 


O2 + OK Si — S: . (15) 
“oi top  .707(a, + ox) ; 


If x, be plotted against x, this plot should be linear with a 
scatter that is due to (1) chance errors in original proportions 
and (2) the ignoring of variations in o, which may be assumed 
equal to unity in the linear regression or approximation equa- 
tion: 





Nik = Xe 


— I+ 2 S, — Ss (16) 
RT tg .707(1 +41) 


It should be noted that o; and oz are not assumed to be equal. 
The slope of this linear plot should be 


I + oa» 
es (17) 





Nik 





Slope = 


But the slope can also be determined from the ratio of the 


dispersion of the values of x), and the dispersion of the value 


Let VY; = standard deviation of values of x, and 
V. = standard deviation of values of xox. 








294 L. L. THURSTONE 


Then 


Slope = Vr, (18) 


But equations 17 and 18 are two measures of the same slope. 
Hence, approximately, 





a ttn (19) 


In other words, the dispersion of the values of x, is inversely 


proportional to (1 +) and similarly for each of the other 
stimuli, so that 


7, = I + 01, 

a 

V. = I 4+ 02, (20) 
7, = | + 035 


and so on, in which a is a constant. If we sum these n 
equations (20) we have 


a2 (7) ~ao+ Bn. (21) 


But we may define our unit of measurement as the average 
stimulus dispersion so that 


LOK = a, (22) 
and hence, 
sft)\_ 
az ( 7.) 2n. (23) 
The value of the constant a may be readily determined 
from equation 23 as 
2n 
a=. (24) 
> a 
(7 :) 


With the constant a known we calculate each of the stimulus 


dispersions from the following equations, obtained directly 
from equation 20. 
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a 
0} = TV; - 2 
a 
02 = V, - i 
a 
== Fs = a (25) 
a 
nll aa 
When the stimulus dispersions 01, 02, 03, . . . On have 
been calculated, we may proceed with the calculation of the 
psychophysical values S;, Se, S3, . . . Sa. This can be 


done as follows: 


Si om Sk = .7O7X1K91 ~ -7O7X1kCk- 


Summing, we have 


nS, —_ DSi = .70701 2X 1k + .707 LX1% OK. (26) 
But 


ZS, = O, 


since we may place the origin at the arithmetical mean of the 
thirteen psychological values. Hence, 


nS; = -70701 2X 1k +- -707 20K. X1k; (27) 
or 


Lor. Nik 


oe (28) 


Let Mz, = mean of all values of x, and similarly for each of 
the other stimuli. 
Then 


p> 
S; = 7070; + .707 


-707 Lon. Xk 


Si = .7070,:Mz, + rs : (29) 





and a similar form can of course be written for each of the 
other stimuli. 

The numerical work consists in calculating the standard 
deviations, V, of each column in Table II. Thus the standard 
deviation V of the first column is .4261. The sum of the 
reciprocals of these standard deviations is 26.3915 which 
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enables us to calculate the constant a by equation 24. It has 
a value of .98517. The stimulus dispersions can then be 
determined approximately by equation 25 and these have 
been recorded in column 6 of Table III for Case III. Their 
sum is 13, which is postulated in equation 22. The scale 
values in column 5 of the table are then computed by equation 
29. Their sum is zero which satisfies the assumption of 
equations 26 and 27. 

It will be seen in Table III that the discrepancies in scale 
value between Case III and Case V are in general largest for 
those stimuli that are found to have the largest stimulus 
dispersions and this is what should be expected, partly be- 
cause of the assumption in Case V that they are all equal and 
partly because of the assumption in Case III that they do not 
deviate markedly from unity. 

The choice between the two cases should be made by noting 
which of them satisfies the experimental data with the least 
average discrepancy. With the thirteen scale values and 
approximate discrepancies calculated by Case III we can of 
course return to equation 2 for every pair of stimuli to calcu- 
late the proportion of the subjects who should prefer any one 
of the stimuli to any other. This has been done and the 
results are listed in the last column of Table III. The aver- 
age discrepancy between the experimental and the calculated 
proportions is 0.0249 which is smaller than the corresponding 
value for Case V. 

SUMMARY 

The numerical evaluation of the stimulus dispersions in 
the method of constant stimuli has been a troublesome prob- 
lem. In this paper we have developed a procedure for ob- 
taining an approximate value for the dispersion of each stimu- 
lus. The average discrepancy between the experimental 
and the calculated proportions is 0.0355 by Case V in which 
the stimulus dispersions are assumed to be equal but it is 
reduced to an average discrepancy of 0.0249 by Case III in 
which allowance is made for differences in stimulus dispersion. 
A criterion for deciding whether the simpler form of Case V 
or the more laborious Case III should be used for an experi- 
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ment that has been conducted by the constant method is to 
plot pairs of columns of x-values in Table II. If the best 
fitting straight lines in these plots have a slope nearly equal 
to unity, then Case V can be used advantageously. If not, 
then a better agreement between experimental and calculated 
values will be obtained by Case III. In any event, the 
stimulus dispersions that are calculated by the procedure 
here described are approximate values. Their probable 
errors are undoubtedly large but the procedure does give a 
fairly good idea of the order of magnitude of the stimulus 
dispersions. For example, it is probably safe to assume that 
there is greater variation of attitude toward the Jews in our 
experimental population than for any of the other nationalities 
orraces. ‘This is found in the calculations according to which 
there is much greater variation in attitude toward the Jews 
than toward any of the other groups. It is approximately 
measured by the stimulus dispersion in Table III. This 
observation also agrees with the fact that the discrepancies 
for the Jews are much larger in Case V than for any of the 
other groups. In other words, the greater the deviation of 
the stimulus dispersion from the average dispersion of all the 
stimuli, the greater ~‘' be the error caused by the principal 
assumption of Case V and the greater will be the discrepancies 
between experimental and calculated proportions. 


REFERENCES 
1. TuurstoneE, L. L., A law of comparative judgment, Psychol. Rev., 1927, 34, 273-286. 
2. THurstTonE, L. L., A mental unit of measurement, Psychol. Rev., 1927, 34, 415-423. 
3. Tuurstone, L. L., Three psychophysical laws, Psychol. Rev., 1927, 34, 424-432. 
4. THurstoneE, L. L., Experimental study of nationality preferences, J. of Gen. Psychol., 
1928, 1, 405-425. 


(Manuscript received April 20, 1931) 








THE MEMORY VALUES OF CERTAIN ALLEGED 
EMOTIONALLY TONED WORDS 


BY CLYDE A. LYNCH 


University of Pennsyloania 


Affective psychology is gradually attracting to its peculiar 
and related problems experimentalists who are ambitious to 
subject the feelings and emotions to controlled laboratory 
conditions and quantitative measurements. Just as Eb- 
binghaus attacked certain problems involving the ‘higher 
mental processes,’ and, by the application of precise scientific 
methods, was able to treat and express his results statistically, 
so there is an increasing number of investigators who are 
attempting to rescue the problems of affective psychology 
from the mysterious cellar of the psychoanalyst, and make 
them amenable to objective investigation and mathematical 
formulation. 

The Freudian interpretation of forgetting has influenced 
the conceptions and practices of many psychiatrists and 
clinical psychologists. As H. Meltzer?! has indicated, ‘‘there 
is an obvious relation between this concept and the law of 
effect of educational psychologists.”” ‘Thorndike’s 2 ‘ Law of 
Effect’ attributes to the state of satisfaction or pleasure that 
accompanies the successful consummation of an act, a sort of 
retroactive effect that tends to strengthen and ‘fix’ the 
preliminary and successive movements necessary to the final 
adequate reaction. Inversely, the inadequate steps in the 
process are weakened and tend to be eliminated. The pleas- 
ure attending success reenforces the means of achieving that 
success, while the unpleasantness associated with failure or 
punishment weakens the tendencies of false movements to 
recur. 


1H. Meltzer, The present status of experimental studies on the relationship of 
feeling to memory, Psychological Review, 1930, 37, 124. 
2 E. L. Thorndike, Educational Psychology, vol. III. 
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The experimentalist is also asking whether or not mem- 
ories of pleasant experiences have a stronger survival value 
than the memories of unpleasant experiences. Why do some 
responses ‘stick’, and why do others ‘drop out’ in the learning 
process? Such inquiry is related to the basic problems of 
learning. A recent summary, interpretation, and evaluation 
of the accumulated researches into the relation of feeling to 
memory are included in a recent article by H. Meltzer,’ to 
whose excellent bibliography the reader is referred in lieu of its 
repetition here. This article is especially serviceable in 
providing an orientation in the experimental methods and 
conclusions of the more important investigators who have 
endeavored to ascertain by scientific procedure the alleged 
relationship between feeling and memory. 

Smith 4 and Jones * used the psychogalvanometer to ob- 
tain quantitative measurements of the ‘emotional’ values of 
certain words taken from Jung’s® list. Both investigators 
then tested these words with respect to their memory values. 
Smith employed the method of retained members, and 
ascertained the survival values of the words at various time 
intervals. Jones used the method of immediate reproduction. 
Jones’ experiments yielded results that were confirmitory of 
Smith’s findings at Cambridge; evidence which, according to 
Jones, ‘‘supports a theory of the bidirectional influence of 
emotional tone upon memory; an increased emotional intens- 
ity may affect learning either favorably or adversely, depend- 
ing on whether the emotion is ‘positive’ or ‘negative’.” 

Statement of the Problem.—Smith? and Jones ® have fur- 
nished an objective rating of the ‘emotional’ values of sixteen 
words. We have in addition the memory scores for these 
sixteen words, which were obtained by Jones from Columbia 

3 Op. cit. (1), pp. 124-139. 


4Whatley Smith, The Measurement of Emotion. London: Kegan Paul, Trench, 
Trubner & Co., Ltd.; New York: Harcourt, Brace & Co., 1922. 

5 Harold Ellis Jones, Emotional factors in learning, The Journal of General Psy- 
chology, 1929, 11, 263-272. 

®C. G. Jung, Studies in Word Association. (Trans. by M.D. Eder.) New York: 
Moffat, Yard; London: Heinemann, 1919, p. vii. 

7 Whatley Smith, op. cit. 

§ Harold Ellis Jones, op. cit. 
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and California students. The present point of departure 
lies in the use of the recognition method as the means of 
obtaining the memory scores of each of these sixteen words. 
Jones has advocated the use of this method for further testing 
the validity of his results. A larger number of observers 
have been used and additional data in memory scores covering 
a period of three weeks have been procured. This check 
experiment has been performed with three specific questions 
in the mind of the experimenter: 

1. Do the words that have a high P.G.R. value also score 
relatively high in memory tests? 

2. Is there a significant correlation between the memory 
scores of this experiment and the memory data of Jones? 

3. Is the so-called ‘emotional tone’ bidirectional in its 
influence in the memory process? 


Description of Experimental Conditions: 


1. Apparatus: A. Four sets of white exposure cards, 10’ X 6’. Each set was 
bound at the bottom with adhesive tape. A succession of indentations at the top of 
each set facilitated the manipulation of the cards in serial presentation. Each card 
contained black adhesive letters arranged to form a word. Sixteen cards in each series 
contained eight critical words and the same number of non-critical words. Two buffer 
words preceeded and two followed the selected words. The critical and non-critical 
words were arranged in the series alternately. The words of the first set were arranged 
as follows: 


HAND INSULT PENCIL LOVE 
CHAIN CARROT WOMAN GLASS 
WORK DANCE SWIM MONEY 
MARRY TABLE AFRAID RUN 
FLOWER KISS WHITE EGG 


This set constituted the forward presentation series used in testing approximately one- 
half the men in immediate recognition. The second set was similar to the first with one 
important exception. Since this set was prepared for the testing of one-half the women 
in immediate recognition, the word ‘man’ was substituted for the word ‘woman’ on 
the twelfth card. The third set contained all the words of set I in reverse order, and 
was used for testing half the men in immediate recognition. The fourth set contained 
all the words of set II in reverse order, and was used to test half the women in im- 
mediate recognition. 

B. The memory testing material consisted of 1200 sheets of white paper, 11’ X 814’, 
on which 100 words (A modified Jung’s ® list) were printed in four vertical columns of 
twenty-five words each. Among these words were the sixteen words contained on the 
exposure cards. They were scattered irregularly throughout the list. Half of these 
sheets of paper contained the word ‘woman’, and half the word ‘man.’ The sheets 





°C. G. Jung, op. cit. 
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used for the reverse presentation memory test contained the one-hundred words in 
reverse order. 

2. Observers: 1080 students codperated in this experiment. 929 of them were 
students in the University of Pennsylvania, all pursuing courses in psychology, the 
majority of them taking the elementary courses. They were an unselected group of 
students from the Graduate School, the College, the School of Education, the Wharton 
School of Finance and Commerce, and the College Course for Teachers. The remaining 
151 observers were students in the University of Dayton, Dayton, Ohio, the most 
of whom had taken an elementary course in psychology. Since there were no signifi- 
cant differences in the scores of the two institutions, no attempt has been made to 
preserve the identity of the Dayton group. Their results have been merged with the 
Pennsylvania group in the results of ‘immediate recognition.’ 527 observers were men, 
and 553 were women. ‘The tests were made during the school year of 1929-1930. 

3. Method of Procedure: A. The test was given to comparatively small groups of 
students. Instructors assisted in maintaining standard test conditions. The set of 
exposure cards rested on a stand or table in full view of the observers. The experi- 
menter stood behind the stand and manipulated the cards, causing each one to drop 
to a right angle position, where they lay with their planes parallel to the surface of the 
table. There was a cover card that kept the first buffer card concealed until the proper 
time. Using the appropriate set of exposure cards for a given group, the experimenter 
would say to them: “‘I am about to show you a number of words. You will observe 
each word very carefully. Are you ready?” The cards were then exposed at the rate 
of two seconds per card. 

B. When the memory test was given immediately following the presentation of the 
words, the instructions were: “I have given you a sheet of paper on which a number of 
words are printed. Beginning with the first word, you will proceed through the list, 
placing a check mark in front of each word that you recognize as having belonged to 
the original series.” There was no time limit. Very few consumed more than five 
minutes. 

For the groups who took the memory test at different week intervals following the 
exposure of the words, the phraseology was varied to suit the time interval. 

When all of a group had finished checking the words on the recognition sheet, the 
papers were collected, and the results tabulated. 


Results —The number of words recognized immediately 
was 4837, or 69.33 percent. The men recognized 68.03 per- 
cent, and the women, 70.74 percent. The correlations be- 
tween the rank orders of the Pennsylvania recognition scores 
and the P.G.R. results obtained at Cambridge and Columbia 
are .6361 + .038 and .639 + .049 respectively. Table I 
presents the comparison of Pennsylvania recognition values 
with the P.G.R. data. The latter represent the average 
deflections computed on the basis of the highest word as 100. 
The comparison of the rank orders of the scores is indicated in 
Table III. The Pennsylvania men’s results correlate with 
the Cambridge P.G.R. values, .5497 + .048; with the Colum- 
bia P.G.R. values, .526 + .061. The Pennsylvania women 
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produced scores that correlate with the Cambridge P.G.R. 
values, .6464 + .042; with the Columbia P.G.R. values, 


.518 + .064. 


















































TABLE I 
A Comparison or P.G.R. VALUES AND IMMEDIATE RECOGNITION SCORES 
Recognition Scores 
in Percentages 
Mean Deflection P.G.R. 
Stimulus Words Pennsylvania 
Cambridge Columbia 226 210 436 
Men Women Both 
Chit nenrde be anne ay 100 100 87 96 gI 
ins chunk aaae 82 93 80 86 83 
NE rere 80 69 go 89 89 
Woman-man............ 55 go 80 69 74 
ee SI 63 66 68 67 
ee 50 79 57 64 60 
 i5.o).66660%-aiawen 48 66 70 76 73 
0 eS eT 44 74 64 76 70 
0 reer 25 36 48 56 52 
Pi civneekssaeseneka 25 59 49 54 Si 
Carrot 25 58 84 80 82 
White 24 41 54 59 56 
Glass 24 46 66 63 64 
Flower 22 53 60 67 63 
Pencil 21 40 54 61 57 
Rr 19 29 71 68 69 
TABLE II 
A CoMPARISON OF IMMEDIATE REPRODUCTION AND RECOGNITION 
SCORES 
(PERCENTAGES) 
Columbia California Pennsylvania 
Stimulus Words 
100 38 76 II4 226 210 436 
Men Men | Women| Both Men |Women)] Both 
SE ere 68 67 67 87 96 gI 
Se ere 36 43 41 80 86 83 
Woman-man............- 87 60 64 63 80 69 74 
EE i od dn od cided 82 28 52 45 84 80 82 
i .  e6cetheiien newt 81 38 35 40 go 89 89 
Swim 64 36 41 39 71 68 69 
Table 59 15 27 23 48 56 $2 
Money 58 26 34 31 70 76 73 
Dance 57 52 4! 44 66 68 67 
a suikhaen ahaa 56 36 30 32 54 61 57 
Work 55 34 34 34 49 54 st 
ins cketksan peel SI 28 39 35 64 76 70 
Er rer SI 23 21 22 54 59 56 
Glass 50 21 26 23 66 63 64 
Flower 41 36 28 31 60 67 63 
Se 32 II 21 17 57 64 60 
BOURNE. «0000 cccrccvece 63.06] 34.25} 37-68] 36.68] 67.5 70.75| 68.81 
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TABLE III 
CoMPARISON OF RANK OrperS—P.G.R. anp Memory Data 
Immediate Immediate 
Recall Recognition 
ted P.G.R.| P.G.R. 
Words" gam | Colum | Columbia} California | Pennsylvania 
M M wi Bi{MiWI{B 
Kiss. I I 2 I I I I I I 
EE es pee 2 2 2.5} 5.25] 4 5 4.5] 3 3 
ere f 6 5 4 8 6 I 2 2 
Ro cccnnancneacuh ae 3 2.65 3 2 2 4:5| 7 5 
ere 8 9 3 5-5| 4 8.5] 8.5] 9 
Eee Ly 4 16 | 16 15.5}16 |12 | Ir | 12 
Money 7 7 8 | 12 9.5| 11.5] 7 5.5| 6 
Insult 8 5 12.5] 10.5 | 7 8 |10 5.5| 7 
Table 9-33 15 7 115 13. | 13.5]16 | 15 | 15 
Work 9.33 9 II 9 9.5} 9 [15 |16 | 16 
Carrot 9.33 10 4 | 105 | 3 3 3 4 4 
I albeit hil andckcatiae ced 12.5 13 12.5] 13 15.5|15 |13-5|14 | 14 
Glass eee 12 14 | 14 14 | 13.5] 8.5]12 | 10 
eer rere a II 15 §.25|12 |arr.s}ar {10 {11 
Pencil 15 14 10 5.25} 11 | 10 9 13.5)13 | 13 
Swim 16 16 6 5-25] 5-5| 7 6 8.5] 8 
































Table II is a comparison of the Columbia, California, and 
Pennsylvania memory data. The percentages of the Colum- 
bia men and the Pennsylvania men show a correlation of the 
order of .698 + .029. The correlation between the California 
men and the Pennsylvania men is .539 + .055. ‘The results 
of the California women and the Pennsylvania women cor- 
respond to the degree of .7353 + .028. The correlation be- 
tween the totals of California and Pennsylvania is .734 + .023. 
The rank orders of the memory scores are presented in Table 
Ill. The Columbia group is superior to California in the 
score of each word. Comparisons between the Pennsylvania 
and Columbia male groups (see Table IV) show that the 
former has a very slight lead over the latter with respect to 
the ‘positive-toned’ words. Pennsylvania scored higher by 
45.78 percent in its average for the ‘negative-toned’ words; 
also 5.67 percent higher in the number of non-critical words 
remembered. ‘The superiority of the Pennsylvania men in 
their memory scores over Columbia is due largely to their 
higher averages for the ‘negative’ and non-critical words, 
especially the former. A comparison of the Pennsylvania 
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and California men reveals a marked superiority in favor of 
the former in the memory scores for the three classes of words. 
The Pennsylvania women show the same superiority in their 
memory scores. The Pennsylvania groups are too hetero- 
geneous to permit any comparison of learning ability on the 
basis of these scores. It is assumed that the difference is due 
in the main to the greater efficiency of the recognition method 
over that of free reproduction. 

Tables IV and V are given for the purpose of providing 


TABLE IV 
CoMPARISON OF AVERAGES FOR THE THREE Types oF Worps 








Critical 





Non-Critical 
Positive | Negative 





Columbia Men 





Immediate reproduction..............++. 78.00 41.50 57-25 





California 





Immediate reproduction 


























— REE eT 19.50 28.62 
EE ee! 30.00 32.37 
SR Sst oh Ghd nahi eaten anne as etl 47.66 26.00 31.12 
Pennsylvania 
Immediate recognition . 
Dice L cic ehnahakeneeh ek ds vinenee 78.83 60.50 “ 60.75 
i ittntineaiendvka bebeeeeeaw ae 80.66 70.00 * 63.50 
Terre Tere Tree i 65.00 61.75 
Pennsylvania 
One Week 
OTE ee Teens 26.00 22.75 
ers. 31.50 29.87 
+444 ssbidedeseearateessasenca | =«Gae 28.50 26.00 
Pennsylvania 
Two weeks 
td bindia Riek be pbcniene iene ed aie 57-83 14.50 24.87 
eee ree 26.00 28.62 
Cee TIT eee? 20.00 26.62 
Pennsylvania 
Three weeks 
DP LtA Cribs. cebokcberehaenenes enaue 53-33 23.00 23.50 
i tekeintbeedk atekerkedwae veneer 61.66 21.00 30.75 
th 6666 didetbsbaressadnseaneneen 58.16 21.50 27.75 
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data relative to the alleged bidirectional influence of affective 
tone; also, to permit a comparative study of the different 
memory values of the critical and non-critical words. 

















TABLE V 
CoMPARISON OF VARIATIONS FROM THE MEAN 
Pennsylvania California Columbia 
Words 
Men | Women Both Men Women Both Men 

RS Seer Ty 19.5 | 25.25 | 22.19 | 33-75 | 29.32 | 30.321 34.94 
eee. iC 15.25 14.19 1.75 5-32 4-32 | 23.94 
Woman-man.........] | 12.5 |— 1.75 5-19 | 25.75 | 26.32 | 26.32] 23.94 
Peer 9.25 13.19 |— 6.25 14.32 8.32 18.94 
DOMEF ce cccccccecccel SB8 18.25 20.19 3.75 |— 2.68 3.32 17.94 
PM chigheeakiaean 3.5 |— 2.75 .19 1.75 3.32 2.32 94 
Table. ..............J-—-19.5 |—14.75 |—16.81 |—19.25 |—10.68 | 13.68 [— 4.06 
Ree 2.5 5.25 4.19 |— 8.25 |— 3.68 |— 5.68 |— 5.06 
6 660 esdeeewed — 1.5 |— 2.75 |— 1.81 17.75 3.32 7.32 |— 6.06 
Pencil...............[-—13.5 |— 9.75 |—11.81 1.75 |— 7.68 |— 4.68 |— 7.06 
Work...............[--18.5 |—16.75 |—17.81 |— .25 |— 3.68 |— 2.68 |— 8.06 
Ag i tela ig i a bia — 3.5 5.25 1.19 |— 6.25 1.32 |— 1.68 |—12.06 
White...............)-—-13.5 |—11.75 |—12.81 ]—11.25 |—16.68 |—14.68 |—12.06 
Glass...............J- 1.5 |— 7.75 |— 4.81 ]—13.25 |—11.68 |—13.68 |—13.06 
ee — 7.5 |— 3-75 |— 5.81 1.75 |—13.68 |— 5.68 |—22.06 
NN 060d ode eeee —10.5 |— 6.75 |— 8.81 |—23.25 |—16.68 |—19.68 |—31.06 


























While the recognition method is more efficient than the 
method of free reproduction in the number of words remem- 
bered, its efficiency is lowered considerably when the large 
number of words marked incorrectly is taken into considera- 
tion. Table VI indicates the number of words marked as 











TABLE VI 
PROPORTION OF CoRRECT AND INCORRECT Worps IN THE TOTAL AMOUNT OF Worps 
CHECKED 
Immediate One Week Two Weeks Three Weeks 
226 210 436 | 100 100 200 | 108 100 208 93 143 236 


Men | Women! Both | Men | Women! Both | Men | Women} Both] Men | Women| Both 





Correct.. .| 2460] 2377 | 4837] 579| 697 | 1276] 622] 655 | 1277] 514] 941 | 1455 
Incorrect.| 714] 496 | 1210] 700] 828 | 1528] 854] 1078 | 1932] 678] 1253 | 1931 


Total... .1 3174] 2873 | 6047] 1279] 1525 | 2804] 1476] 1733 | 3209] 1192] 2194 | 2194 









































Proportionate Percentages 


45 
20 55 





83 
17 


46 
54 


46 
54 


38 
62 


42 
58 


40 
60 


43 
57 


43 
57 


43 


Incorrect.] 22 57 











Correct... | 78 
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having been recognized by the observers; also, a comparative 
tabulation revealing what proportion of the words checked 
were correct and incorrect with reference to the total number 
of words marked. The correct words show the following 
succession of proportionate percentage gains and _ losses 
for the various time intervals (both sexes): beginning with 
80 percent, the proportion of words immediately recalled, 
there is a loss of 42.5 percent at the end of one week; a loss of 
50 percent at the end of the second week; and of 46.25 percent 
at the end of the third week. The proportion of words marked 
incorrectly begins with 20 percent and gains 170 percent at 
the end of the first week; 200 percent at the end of the second 
week; and 185 percent at the end of the third week. 

Tables VII and VIII furnish additional data. Scores are 


TABLE VII 


CoMPARISON OF SCORES FOR DIFFERENT TIME INTERVALS 
(ForwARD PRESENTATION ONLy) 














Immediate One Week Two Weeks Three Weeks 
Stimulus Words 
100 100 200 | 100 100 200 | 108 100 208 | 93 143 236 
Men} Women| Both] Men| Women| Both] Men; Women| Both] Men| Women| Both 
ec ecacvans 86} 99 | 93175) 83 | 79173} 68 | 71 |} 69] 78 | 74 
Love ..--175| 88 | 82164] 78 | 71 162] 67 | 64157] 71 | 65 
Woman-man....| 81} 83 | 82154] 49 | 51 159| 62 | 61] 56] 54 | 55 
a ere 77| 78 | 78} 21] 4! 31 }26| 26 | 26] 27] 38 | 33 
Pree 94| 99 | 97172] 92 | 82174] 81 | 77]71| 80 | 76 
ee 76 | 73134] 34 | 34727] 31 | 29124] 29 | 27 
See 46} 59 | 53120] 27 | 23131] 37 | 34432] 38 | 35 
Money 73| 71 | 72144) 61 | 52145] 50 | 48] 40] 55 | 49 
ee 72 | 69136| 32 | 34134] 46 | 40127] 32 | 30 
Pencil 47| 66 | 57129] 27 | 28]24] 26 | 25 | 28] 31 | 30 
aaa 39) 58 | 49} 21| 34 | 27] 19] 22 | 21] 15] 25 | 21 
Insult 63| 78 | 71 130] 40 | 35 }13] 30 | 21 | 26] 22 | 23 
White 38] 53 6] 12] 13 12}13]} 19 | 16] 10] 12 | 11 
ee 571 59 | 58}16| 21 | 18] 26] 23 | 24 ]13] 26 | 21 
Flower 63| 80 | 72]29] 42 | 35]32] 45 | 38139] 47 | 44 
Ko a-a6navun 58| 69 | 64] 22| 23 | 22]16] 22 | Ig } 20] 20 | 20 









































indicated for each word over a period of three weeks. While 
these results cannot be compared with the scores obtained 
from the two presentations employed in immediate recogni- 
tion, they do, however, yield some important information. 
Without any interference produced by disturbing factors when 
the order of the words is reversed, they lend themselves to a 
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TABLE VIII 
CoMPARISON OF RANK ORDERS 
PENNSYLVANIA 
(Same OrperR OF PRESENTATION) 














Se- Immediate One Week Two Weeks Three Weeks 
ries Stimulus 
Posi- Words 
tion Men| Women! Both]|Men| Women| Both] Men| Women| Both] Men| Women| Both 
2 | Marry....| 1 1.5 |1 2 I I I I I I I I 
3) ee 2 sis if 2 $ i323 2 2 42 2 2 
10 | Woman- 
man..... 3 4 3-5] 4 5 5 14 4 4 14 5 4 
§ | Carrot....] 4 6.5 | 5 |12.5| 7 |10 |10.5} 11.5 |10 | 9.5) 7.5 | 8 
14 | Love...... 5 | 3 13513] 3 |3 13 | 3 13 13 1] 3 43 
16 | Money....;6 | 10 17 15} 4 |4 15] 5 |5 5 | 4 15 
11 | Swim..... 7 8 617 9.5 | 8.519 9 9 |12 | Ir |i 
6 | Dance.. 8 9 |10 |6)] 41 8.5} 6 6 6 19.5) 9 9.5 
3 | Flower....| 9.5] 5 8 19.5) 6 6 17 7 7 16 6 6 
4 | Insult..... 9.5 6519 | 8 8 7 |15.5| 10 |13.5]1r | 14 [12 
12 |Afraid....Jt1 | mr {mr Jr | 14 |14 [1g | 15.5 [15 [13 | 15 [45 
15 | Glass..... I2 | 13.5 |12 [15 | 15 |15 |ro.s| 14 [12 |1S | 12 {13.5 
9 | Pencil..... 13 | 12 |13 | 9.5] 12.5 |11 |r2 | 11.5 |1r | 8 | 10 9.5 
Ac ee 14 | 13.5 |14 [14 | 12.5 |13 | 8 8 8 17 7.517 
1 | Work..... I§ | 15 |1S 42.5} 9.5 [12 ]13 | 15.5 |13-5]14 | 13 113.5 
13 | White..... 16 | 16 |16 ]16 | 16 [16 |15.5) 16 |16 [16 | 16 116 












































comparative study of each word in the four sets of scores. 
Table VIII reveals a fair consistency of the several scores 
from the beginning to the end of the three-weeks’ period. 
In the rank orders for the totals for both sexes, there is a 
remarkable uniformity. The words ‘marry’, ‘kiss’, and 
‘white’ register no change in rank order. The other words 
show the following ranges in their respective rank orders: 
‘love’, .5; ‘woman’—‘man’ and ‘work’, 1.5; ‘flower’, 2; 
‘money’, ‘afraid’, and ‘glass’, 3; ‘pencil’, 3.5; ‘dance’, 4; 
‘carrot’ and ‘swim’, 5; ‘insult’, 6.5; and ‘table’, 7. In each 
time interval there are high correlations between the scores 
of the two sexes: immediate, .9162 + .008; one week, .841 + 
.020; two weeks, .882 + .015; and three weeks, .9493 + .0064. 
A comparison of Tables III and VIII will reveal no radical 
shifts in the rank orders due to the reversal of the order of 
serial presentation. Nevertheless, there is much evidence 
that the secondary laws of association were operative as one 
would expect. Table IX shows both the differences in rank 


order and the variations from the mean in the two serial orders 
21 
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TABLE IX 


VARIATIONS FROM THE MEAN AND IN THE Ranx Orper AsSocIATED WITH THE 
DiFFERENCE OF Worp PosiTIon IN THE SERIES 













































































226 Men 
Position Rank Order Variation Difference in 
in of from Amount of 
Series Scores Mean Variation 
Words 
First | Second | First | Second | First | Second Reak. 
order | Mean 
Presentation Presentation Presentation oe 
ee 2 IS I 2 29.5 I5 1 14.5 
Kiss. 8 9 2 3 21.5 17 —I 4.5 
Woman 10 7 3 5 16.5 8 | —2 8.5 
ee 5 12 4 I 12.5 21 3 8.5 
| ASSERT ERO: 14 3 5 4 10.5 14 I 3.5 
ae 16 I 6 9 8.5), — 4 |-3 12.5 
ER II 6 7 7 4.5 2 re) 2.5 
ae 6 II 8 10.5 15 |—- 5 | —2.5] 6.5 
RN bs ahikkwndacas 4 13 95] 105 }— 1.5} — 5 | —1 3.5 
Saree 3 14 9.5 14 — 1.5 |] —13 —4.5 | 11.5 
pe 12 5 II 15 — 6.5 | —15 —4 8.5 
Glass 15 2 12 6 — 7.5 4 6 | 14.5 
ere 9 8 13 12 —-175|—9 I 8.5 
. Sere a 10 14 16 —18.5 | —21 | —2 | 2.5 
EE I 16 IS 13 —25.5 | —II 2 | 14.5 
ore 4 16 8 — 26.5 ° 8 | 26.5 
210 Women 

Serer 2 15 1.5 5 24-75} 12.3] —3.5 | 12.45 
Kiss. 8 9 1.5 I 24.75] 25.3 5 55 
| Se 14 3 3 2 13.75} 16.3 I 1.55 
ree fe) 7 4 13.5 8.75] —12.7] —9.5 | 21.45 
Flower 3 14 5 13.5 5-75| —12.7] —8.5 | 18.45 
eee 5 12 6.5 3 3-75] 14.3 3-5 | 10.55 
En 4 13 6.5 6 3.75 7.9 S| 3-55 
| ee II 6 8 fe) 1.75} — 6.7] —2 8.45 
tis cgi aty mined’ 6 II 9 8.5 | — 2.25] — 2.7 £ 45 
I 5. cs scsocaise cht 16 I 10 4 — 3.25] 13.7 6 | 16.95 
i. 12 5 II II — 6.251 — 9.7 oO 2.45 
Sy 9 8 12 12 — 8.25; —10.7] o 2.45 
Glass 1S 2 13.5 7 —15.25}— .7] 6.5] 14.55 
I 46 din metebded 7 IO 13.5 | 15 —15.25} —14.7] —1.5 5S 
RSS I 16 IS 16 — 16.25} —17.7] —1 1.45 
RS 13 4 16 8.5 | —21.25| — 2.7 7-5 | 18.45 





for both sexes. However, there is no uniformity, and even 
some anomolies. With both sexes, ‘marry’ and ‘flower’ 
had their scores reduced considerably by reason of their being 
changed from the early to the latter positions. ‘White’ 
gained the greatest amount of all when changed from the 
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13th position to the 4th, and ‘glass’ made a significant gain in 
going from the 15th place to the 2d. ‘Money’ presents a 
peculiar case. In the male score its variation from the mean 
amounted to 12.5 points, making the variation minus as the 
result of its being advanced from the last to the first place in 
the series, as though the factor of recency were operating 
more effectively than that of primacy; but when the score 
obtained by the women for the same word is inspected, it 
represents a plus variation difference of 16.95 points, as the 
result of the identical change in position. Among the men, 
‘work’ reduced its minus variation 14.5 points when carried 
forward from the first to the last place in the series; among the 
women it increased its minus variation 1.45 points. It is 
difficult to explain why this word, the first in the series, pre- 
ceeded by only two buffer words should have a rank order of 
15. Inthe combined scores of the two orders of presentation, 
where the laws of primacy and recency would be expected to 
operate, it has the lowest rank order of the series. It is also 
difficult to explain why the word ‘man’ increased its variation 
21.45 points, making its variation minus, in its shift from the 
roth to the 7th position in the series, as scored by the female 
observers. Contradictory scores are further illustrated by 
‘carrot’ and ‘swim’: among the women the former word 
increased its plus variation by 10.55 points when it was set 
back from the 5th to the 12th place; the latter word varied 
8.45 points in its advancement from the 11th to the 6th place, 
making its variation minus. 

Discussionm—How do the results of this experiment com- 
pare with former experimental results? The Pennsylvania 
memory results reveal a fair degree of correlation between the 
sixteen words employed and the P.G.R. values obtained by 
Smith and Jones for the same words, and a much higher degree 
between the memory values and the memory data obtained by 
Jones at Columbia and California. The Pennsylvania results 
agree with Cambridge, Columbia, and California in the 
higher scores obtained by the majority of the ‘positive’ 
words, even though the same degree of difference does not 
exist between the ‘positive’ and the ‘indifferent’ words. 
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The Pennsylvania range is not as extensive as that of the 
scores of Columbia and California. The results of this 
experiment are also in harmony with the conclusions of Tait,!° 
Myers," Tolman and Johnson,” Washburn and others,” 
namely, that stimuli with a pleasant feeling tone are better 
remembered than others. The chief difference between the 
results of this experiment and those of Jones’ is associated 
with the higher scores Pennsylvania gave to the ‘negative’ 
words in immediate recognition. ‘These words scored con- 
siderably higher than the scores for the same words at Cali- 
fornia, and are superior to Columbia in the same respect to a 
lesser degree. At Pennsylvania, the averages for the scores 
of the two ‘negative’ words for both sexes are higher than the 
averages of the non-critical words. This supports Tait’s 
conclusion that the memory values of unpleasant stimuli 
rate higher than those of indifferent stimuli. In the addi- 
tional material provided by the forward presentation the 
first week’s average of the ‘negative’ words is higher than 
that of the non-critical words. The former, however, drops 
13 percent between the first and second week intervals, and 
in the latter and the third week, are considerably below the 
scores of the non-critical words. 

These conclusions are invalidated somewhat by the paucity 


10 W. D. Tait, Effect of psychophysical attitudes on memory, Journal of Abnormal 
and Social Psychology, 1913-14, 8, 10-38. 

1G. C. Myers, Affective factors in recall, Journal of Philosophical, Psychological 
and Scientific Methods, 1915, 12, 85-92. 

2 F.C. Tolman and I. Johnson, A note on association time and feeling, American 
Journal of Psychology, 1918, 107, pp. 22 ff. 

13 M. F. Baxter, K. Yamada, and M. F. Washburn, Directed recall of pleasant and 
unpleasant experiences, American Journal of Psychology, 1917, 28, 155-57. 

4K. Graves, E. Heath, and M. F. Washburn, Directed egocentric responses, 
American Journal of Psychology, 1919, 30, 300-302. 

16 FE. Morgan, H. K. Mull, and M. F. Washburn, An attempt to test moods or 
temperaments of cheerfulness and depression by directed recall of emotionally toned 
experiences, American Journal of Psychology, 1919, 30, 302-304. 

16M. F. Washburn, F. Giang, M. Ives, and M. Pollock, Memory revivals of emo- 
tions as a test of emotional and phlegmatic temperaments, American Journal of Psy- 
chology, 1925, 36, 456-459. 

17M. F. Washburn, L. Harding, H. Simmons and D. Tomlinson, Further experi- 
ments on directed recall as a test of cheerful and depressed temperaments, American 
Journal of Psychology, 1925, 36, 454-456. 
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of ‘negative’ words in the list. In the ‘positive’ and non- 
critical classes of words one or two words may deviate from 
the class characteristics without affecting the averages 
materially. The averages of ‘carrot’ and ‘swim’, for example, 
are higher than the averages of the ‘positive’ words, ‘dance’ 
and ‘money’. If it happened that the pair of words were 
representative of the classes to which they belong, one would 
be bound to conclude on the basis of the results that non- 
critical words are better remembered than ‘positive’ words. 
An experiment in which the alleged differently toned words 
were used in equal numbers would be more convincing in its 
results. ‘Two words may give a spurious average in either 
direction. 

An examination of the averages derived from the combined 
scores of the members of the three classes of words, indicated 
for each one of the four time intervals, will reveal a marked 
decrease in the number of words remembered at the end of the 
first week. The ‘positive’ words, which averaged 79.50 
percent in immediate recognition, decreased 22.6 percent at 
the end of the first week; by the end of the second week, they 
lost an additional 1.7 percent, or 24.3 percent of the score of 
immediate recognition. These words registered 28.8 percent 
in the third week’s results, a decrease of 4.5 percent below the 
score of the second week’s interval. The greatest drops in 
the averages occurred in connection with the ‘ negative’ words. 
In immediate recognition and the first week’s interval these 
two words averaged higher than the non-critical words. With 
an average of 65 percent in immediate recognition, they sus- 
tained a loss of 56.1 percent in the first week’s test. The 
second week yielded an average of 69.1 percent less than that 
of immediate recognition. There was a slight recovery in 
the third week, where the average score was 66.9 percent of 
the immediate recognition results. The average of the non- 
critical words was reduced by 57.8 percent the first week, 
with slight recoveries in the second and third weeks, the losses 
being 56.8 percent and 55 percent respectively. These 
results, in general, confirm with previous experimental data 
on forgetting. From immediate recognition to the end of 
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the first week there is a considerable drop in the percentage of 
words remembered. After the first week the rate of decrease 
is very slow, and within the limits of this experiment, is prac- 
tically at a stand-still. The exception to the rule in our pres- 
ent results is in the 29.8 percent drop of the ‘negative’ words 
from the first to the second week, these results lend some sup- 
port to the theory that ‘positive’ words have a greater sur- 
vival value than ‘negative’ and non-critical words, and that 
‘negative’ words have a lesser survival value than all other 
words, provided that a sufficient time interval elapse to pre- 
vent the operation of memory-span and temporary associative 
factors. With the passing of time, according to this theory, 
the ‘negative’ words should lose most; the non-critical words 
less; and the ‘positive’ words least. Since the recognition 
method involves the representation of the stimuli, we would 
expect all classes of words to obtain higher scores than those 
obtainable by the method of free reproduction. The present 
experimental data confirm this position. 

On the basis of the P.G.R. ratings which separate the words 
into the ‘critical’ and ‘non-critical’ categories, the memory 
scores for all three universities are in approximate agreement. 
While the placement of the individual words may vary, there 
is significant correspondence in the inclusion of the majority 
of the ‘positive’ words in the upper fifty percent of rank 
orders. In these upper eight rank orders, Columbia includes 
all the critical words but ‘insult’, ‘dance’, and ‘afraid’. 
California includes all but ‘money’ and ‘afraid’. Pennsyl- 
vania includes all but ‘dance’ and ‘afraid’. ‘Afraid’ is 
eliminated by all; ‘carrot’ and ‘swim’, non-critical words, 
are included by all. ‘Dance’ is not included by Columbia and 
Pennsylvania. Columbia gives ‘table’ seventh place, con- 
stituting anexception. If it be said that these results support 
the bidirectional theory of affective tone, as has already been 
pointed out, our Pennsylvania scores do not justify anything 
beyond the assertion that these ‘negative’ words are more 
poorly remembered than the ‘positive’ words, but that they 
are not inferior in survival value to the ‘indifferent’ words 
until the second and third weeks. Furthermore, if a bidi- 
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rectional theory is supported on the basis of the comparatively 
low scores of the two ‘negative’ words, what is to be said with 
reference to the exceptionally high value of ‘carrot’ and the 
relatively high value of ‘swim’. In regard to these two words, 
Jones offers no explanation for their high memory values, 
“‘although”’, he suggests, “‘a determined seeker after symbols 
might attribute it to a partially hidden sexual significance of 
the words, which could affect the process of memorizing 
without, however, becoming manifest within the stimulus- 
response periods of an association experiment.” It appears 
to the writer that the word ‘swim’ is in a more direct asso- 
ciational relation to the sex words of the series than ‘carrot’; 
for it possesses sexual connotations derived from its association 
with mixed and promiscuous bathing, and is related to the 
idea of nudeness; yet this word has a lower memory value 
than the word ‘carrot’, whose natural associations with the 
sex words of the series are practically zero. More indirect 
and symbolic associations are operative here, if a sexual ex- 
planation is to be forced. For example, a person with red 
hair is often nicknamed ‘carrot’ or ‘carrot-top’. The popular 
association of red hair with sexual passion is one of common 
knowledge. But why not refer its high memory value to the 
nutritive function of life? ‘Carrot’ is very highly recom- 
mended as an important article of diet, and many persons 
eat carrots, not for their taste, but in spite of their taste, 
believing them to assist in promoting their health, and in- 
creasing their chances of longevity. Furthermore, on the 
basis of the clearness of the image, the word ‘carrot’ is more 
likely to call up a more specific image than the more general 
words of ‘table’, ‘glass’, ‘white’, ‘work’, ‘flower’, etc. 

With respect to sex differences the Pennsylvania results 
agree with California in rating the women higher in the num- 
ber of words remembered. The similarity is striking. The 
Pennsylvania women averaged 3.25 percentage points higher 
than the men; the California women averaged 3.43 percentage 
points higher than the men. The Pennsylvania women ex- 
ceeded the men in memory scores throughout all the time 
intervals with the exception of the third week, where the 
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women remembered fewer ‘negative’ words thanthe men. In 
the proportion of correct and incorrect words to all the words 
marked, there is no significant sex difference. As the results 
show, there is a very high correlation between the sexes in 
the rank order placements of the sixteen words. The same 
high degree of correlation obtains in the scores of the Cali- 
fornia men and women. 

Conclusions.—1. There is a fair degree of correlation be- 
tween the total Pennsylvania immediate recognition scores 
and the P.G.R. values obtained by Smith (.636 + .038) and 
Jones (.639 + .049) for sixteen words selected from Jung’s list. 

2. There is a fairly high correlation between the score 
obtained by the Pennsylvania men in immediate reproduction 
and the immediate reproduction scores of the Columbia men 
(.698 + .029). The degree of correlation between the com- 
bined scores of men and women at Pennsylvania and Cali- 
fornia is .734 + .023. Consequently, this check experiment 
has yielded results by the use of the recognition method which 
are in general agreement with the results obtained by Smith 
and Jones, who employed the reproduction method. 

3. The experimental evidence of this study does not give 
much support to Smith’s theory of the bidirectional effect of 
emotional influence in recall. The ‘negative’ words were 
remembered more poorly than the most of ‘positive’ words, 
but averaged higher than the averages of the non-critical 
words in immediate recognition and the first week interval. 

4. The superior memory scores of Pennsylvania are most 
likely due to the greater efficiency of the recognition method, 
especially with reference to the ‘negative’ and the non-critical 
words. 

5. There is a considerable loss in forgetting at the end of 
the first week; but, thereafter, the differences in the scores 
for the different intervals were practically negligible. The 
‘negative’ words were affected most in the losses sustained. 

6. With the exception of the results obtained immediately 
after the presentation of the words, in the number of words 
marked, there were more errors than correct selections. The 
words marked incorrectly seem to show the operation of some 
determining factor. 
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7. While the women remember more words than the men, 
there are no indications of any significant sex difference, 
except that in immediate recognition the women remembered 
the word ‘man’ less efficiently than the men remembered the 
word ‘woman’. The correlation between the scores of the 
two sexes for the four time intervals is very high. 

8. The position of the words in the series affected their 
respective scores. ‘This was especially true of certain non- 
critical words. ‘The ‘positive’ words did not fluctuate very 
significantly. ‘The scores of the two orders of presentation 
were combined and averaged to eliminate the influence of 
position in the series. 

9g. The inclusion of approximately the same words in the 
upper fifty percent for Columbia, California, and Pennsyl- 
vania, lends strong support to Smith’s results and contention 
that words having a high P.G.R. value will also have a high 
memory value. (According to Smith, ‘negative’ words 
constitute an exception.) 

10. Two of the words classified as non-critical have an 
unusually high memory value. These words are ‘carrot’ 


and ‘swim’. ‘These results correspond with Jones’ results at 
Columbia and California. 


(Manuscript received April 10, 1931) 








FACTORS CONDITIONING EFFICIENCY 
IN A MOTOR SKILL! 


BY REX LIVINGSTONE HOKE 
Morehead State Teachers College 


The present study investigates certain mental factors 
involved in a motor skill. Numerous investigators in this 
general field, ¢.g., Johanson, Hoge and Stocking, Rexroad, 
Arps, Judd, Langfeld, and Vaughn, have studied the effects 
of various mental factors singly or in pairs, but until the 
present study no attempt had been made to contrast and 
evaluate in a single practice situation and with a single group 
of subjects the effects of several such factors. 


THe PROBLEM 


The experiment sought to answer the problems listed: 

1. Do the mental factors of pain (punishment for errors), 
direction of attention in specified ways, knowledge of result, 
hurry, delay, and direct endeavor affect in different degrees 
the efficiency of the performer? If so, how significant are 
such differences? 

2. Using direct endeavor to perform the skill as a basis of 
determining the value of the mental factors, which ones in- 
crease efficiency and which decrease efficiency? 

3. Is one’s efficiency highest when he suffers punishment 
for all practically unnecessary errors, for all practically un- 
necessary errors including some that may be unavoidable, or 
for all errors, necessary and avoidable? 

4. Where should attention be directed for the most effi- 
cient performance of a motor skill? 

5. For which mental factors is there greatest variability 
among individuals? 


1 This study was carried on in the Psychological Laboratory at the University of 
Cincinnati. The writer wishes to express appreciation to Dr. Gordon Hendrickson, 
Dean L. A. Pechstein, and Dr. James Vaughn for their aid in directing the study. 
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The simple sensori-motor skill of tossing balls at a target 
was employed for the study. This choice was made because 
the problem lends itself to various methods of attack; arouses 
interest and effort on the part of the subjects; permits a 
controlled laboratory treatment while providing a real prac- 
tice situation; and achievement can be fairly easily measured. 
In addition, the skill chosen is of such a nature that conclu- 
sions can be given fairly wide application. 


APPARATUS 


The apparatus included a target (see Fig. 1), twelve steel balls each one inch in 
diameter, three mounted lamps, an inductorium, metronome, single stroke electric bell, 
three dry batteries, a supply of ordinary bell wire, and a supply of city electric current. 
A wiring diagram showing the main circuits used is illustrated in Fig. 2. 








———— 








--MIETAL CLIAMP 


--BRONZE | SCREEN 


BINDING POST 
ON BRONZE 


— ot SCREEN ido 





























aoe) a 














Fic. 1. The target. 
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The target has a bull’s eye five inches in diameter. The width of the zones from 
the center outward are five, five and ten inches respectively. The front of the disc is 
covered with galvanized iron except for a one-eighth inch margin between the zones. 
The galvanized iron is a conductor and the wood to which it is attached serves to in- 
sulate the zones. A square bronze screen, shown in front of the disc, is held in position 
by anumber of coilsprings. The screen is so adjusted that the impact of the ball causes 
it_to make contact with the disc. 

The apparatus was so constructed and arranged that the one tossing at the target 
could be automatically shocked by an electric shock. By means of double throw 
switches nos. I and 2 (Fig. 2) punishment could at will be given for each hit in zone four, 
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Fic. 2. Wiring diagram of signal and punishment circuits. 


for each hit in zones three and four, or for each hit in zones two, three, and four. If no 
punishment was desired the coils of the inductorium were moved apart. To punish 
for hits in zone four both switches were thrown to the right. To punish for hits in 
zones three and four switches no. 1 was thrown to the left and no. 2 to the right. To 
punish for hits in zones two, three, and four both switches were thrown to the left. 
The arrangement was such that the administration of the shock to the subject’s hand 
and the contact of the ball with the target were coincident. 

Three lamps (red, white, and green) were connected in series with zones two, three, 
and four, and served to determine which of these zones had been hit. No lamp flashed 
when the ball hit the bull’s eye or missed the target. 

A timing circuit (not shown in Fig. 2) using a single stroke electric bell, three dry 
batteries, and a metronome provided signals for timing the trials. The metronome 
regulated the interval between the signals. 

The target was placed eighteen feet from a ‘pitching box’ and a chute made of a 
long strip of wire screening served to automatically return the balls. 

All the apparatus except the target was arranged on a desk back of the position 
occupied by the subject. 
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METHOD 


Subjects were given instructed practice in tossing balls at the target. The eleven 
instructions, which were designed to create the various mental states of pain, direction 
of attention, knowledge of result, hurry, delay, and direct endeavor, are as follows: 


PRELIMINARY INSTRUCTIONS 


In the ball tossing that you are about to begin you will learn to hit the bull’s eye 
that you see in the center of the target. The instructions that will be given you will 
tell you what to do to learn to hit the bull’s eye. Follow the instructions and do not 
under any circumstances use your own method. It is absolutely necessary that you 
do just as you are told to do in the instructions. There are 11 instructions. Throw 
six balls in succession, that is, one right after the other. When you begin throwing have 
6 balls ready in your left hand (right hand if you are left handed). When throwing 
have only the ball to be thrown in the hand you throw with. Throw a ball after each 
signal. You will not be punished unless the instruction says you will be punished. 


Factor A (Simple positive instruction) 
Throw at the bull’s eye. Take 60 trials. 


Factor B (Attention to idea of success) 


Say to yourself just as you take each trial, ‘‘ Now, this one is going in.” Take 
60 trials. 


Factor C (Minimum punishment) 


Be accurate in throwing. You will be punished if you hit in the outer zone. 
You will not be punished if you hit the bull’s eye, or in the area between the bull’s 
eye and the outer zone. Take 60 trials. 


Factor D (Attention removed) 


Say the letters of the alphabet as you throw. When you get to ‘z’ start at ‘a’ 
again. Say a letter for each trial. Take 60 trials. 


Factor E (Attention on center) 


Fix your attention on the center. Keep your eye on the center and try to hit the 
bull’s eye. Take 60 trials. 


Factor F (Limited punishment) 


Be accurate. You will be punished if you hit in either of the two outer zones. 
You will not be punished if you hit the bull’s eye, or in the area between the bull’s 
eye and the two outer zones. Take 60 trials. 


Factor G (Knowledge of result) 


You will be told how much you miss the bull’s eye after each trial. Try to do 
better each time. Take 60 trials. 


Factor H (Attention on accompanying sensations) 


Fix your attention on yourhand. Note the feel of the ball in the hand as you throw. 
Try to remember how the ball felt when you missed, and how it felt when you made a 
good throw. Take 60 trials. 








320 REX LIVINGSTONE HOKE 


Factor I (Six seconds between trials) 


Throw 60 balls at the bull’s eye. Throw a ball for each signal (signal every 6 
seconds). 


Factor J (Maximum punishment) 


Be very accurate. You will be punished if you hit in any of the zones lying around 
the bull’s eye. You will not be punished if you hit the bull’s eye. Take 60 trials. 


Factor K (Two seconds between trials) 


Throw 60 balls at the bull’s eye. Throw a ball for each signal (signal every 2 
seconds). 

The sixty-six individuals who served as subjects were grouped into six equal 
groups. Each subject was allowed sixty tosses under each factor. About seventy- 
five minutes was required for a subject to complete the experiment. 

The persons who served as subjects were unselected except that they were adult 
male college students and in all but one or two cases did not know the nature of the 
experiment until brought into the laboratory. 

A major concern throughout the experiment was to maintain uniformity of prac- 
tice conditions for each factor. The counterbalanced order of giving instructions was 
used. This method, while not a perfect one, tends to equalize such variables as prac- 
tice effects, fatigue, individual differences, time of day, etc. The experiment was or- 
ganized in six cycles for six groups of subjects. In each cycle were eleven subjects to 
correspond with the number of factors. All subjects went through the eleven practice 
periods once, each in his own order. Subject 1 began with the first of the factors, went 
through the second, third, and soon. Subject 2 began with the second, then took the 
third, and finally went through the first. This scheme, which is illustrated below for 
the first cycle, was carried through so that each factor appeared equally often in each 


serial position. 
First CyYcLe 


Subject Factors 

1.. -ABCDEFGHIJK 
3.. .-.BCDEFGHIJKA 
3.. -CDEFGHIJKAB 
? -DEFGHIJKABC 
3 -EFGHIJkKABCOD 
6.. -FGHIJKABCDE 
ea Ones Sei ahaeekes bee BTTetReBeta 
ith aich chen aene ie eee HI J ABCDEFG 
9.. -IJKABCDEFGH 
At dieiaekenstnianancenee JKABCDEFGHI 
II. -KABCDEFGHI J 


The initial order of factors for the first subject in each group or cycle was a chance 
one except that no two punishment instructions were placed contiguously. 

The interval between trials was fixed at four seconds except for the two factors 
which specify that the interval is two and six seconds respectively. 

On entering the laboratory the subject was instructed to remove coat or sweater. 
While the subject observed his surroundings the experimenter adjusted the electrical 
devices to the left hand (right if the subject was left handed). The apparatus for 
communicating the shock to the subject’s hand is illustrated in Fig. 2. After pressing 
a switch to start the signals, the experimenter tossed a half dozen balls saying. ‘“‘This 
is the manner of tossing the balls, a trial after each signal.”” The subject was then 
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asked to toss a half dozen times to get used to the manner of tossing and the signals. 
Following this the written instructions were given, one at a time at the beginning of 
each of the eleven practice periods. As the subject continued with the experiment the 
experimenter manipulated the switches, regulated the interval between trials, announced 
the error, kept the apparatus in order, and kept the subject’s record. (Errors were 
announced for factor G only.) The record gave the number of hits in each of the five 
target zones. The bull’s eye was designated zone one and the zones were numbered 
outward. The area entirely off the target was designated zone five. 


FINDING THE AVERAGE SCORE PER FACTOR 


By weighting the hits for each of the five zones and by 
adding the five resulting quantities a total score for each 
factor was obtained. The weightings—Zone one, 0; zone 
two, 5; zone three, 10; zone four, 17.5; zone five, 25—are 
based on the distance in inches from the center of the target 
to the midpoint of the respective zones. The width of zone 
five was arbitrarily reckoned at ten inches. By dividing the 
total scores by 66, the number of subjects, the average score 
per subject for each factor was obtained. This average 
score, which is used for comparing the efficiency of the factors, 
may conveniently be thought of as the average subject’s gross 
error in inches for a 60 trial practice period. 


RESULTS 


The treatment of results relates directly to the problems 
in order stated at the beginning of this article. 

1. The average score for each of the eleven kinds of prac- 
tice periods is shown in Fig. 3. The best score, 400.5, was 
made when the subject was punished for each hit in zones two, 
three, and four; 7.¢., for each failure to hit the bull’s eye. The 
next best score, 400.6, was made when the subject was pun- 
ished for each hit in zones three and four; 7.¢., for each failure 
to hit either the bull’s eye or the adjacent zone. The third 
best score, 405.5, was made when the subject was told after 
each trial how much he had missed the bull’s eye. Fourth 
in the series is the score 411.3 made when the subject’s 
attention was directed to the idea of success; 1.¢., when he was 
directed to say to himself before each attempt, ‘‘ Now, this 
one is going in.” Fifth is the score 415.4 made when the 
subject experienced a delay before each trial; i.e., when the 
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Fic. 3. Average score per subject for each of eleven instructions. (Each of 66 
subjects was given 60 trials with each instruction.) 


interval between signals was set at six seconds. Sixth is the 
score 419.6 made when the subject’s attention was fixed on 
the bull’s eye. Seventh is the score 420.2 made when the 
subject’s attention was fixed on the sensations accompanying 





FACTORS CONDITIONING EFFICIENCY 323 


the act of tossing. Eighth is the score 421.6 made when the 
subject was punished for each hit in zone four; 1.¢., for each 
failure to hit either the bull’s eye or zones two and three. 
Ninth is the score 430.6 made when the subject was simply 
directed to toss at the bull’s eye. ‘Tenth is the score 432.7 made 
when the subject had his attention fixed on naming inaudibly 
the letters of the alphabet while tossing. Eleventh and final 
in the series is the score 453.4 made when the subject was 
hurried; 1.¢., when the interval between signals was fixed at 
two seconds. 

The data represented in Fig. 3 tend to-show a rather pro- 
nounced difference between the scores for certain pairs of 
factors and only slight or negligible differences for other pairs. 
The reliability of the differences between paired scores 


(means), given in Table I, was computed by use of the 
formula, 





P.E.m—m, = V(P.E.) a2 + (P.E.) a? seas 2rio(P.E.) w,(P.E.) ,. 


Table I is read thus: The factor yielding greater efficiency 
is indicated by italics, e.g., ‘4-B’. The difference between 
the means of factor A and factor B is 19.9, and the P.E. of 
the difference, 7.08. The difference is 2.81 times the P.E. of 
the difference, and there are 971 chances in 1000 that a true 
difference greater than zero exists. ‘This degree of reliability 
is less than certainty. Most statisticians consider a difference 
at least three times the P.E. necessary for practical certainty. 


TABLE I 


CoMPARISON OF RESULTS WITH THE RESULT FoR Factor A To SHOW THE DIFFERENCES 
BETWEEN THE MEANS AND THE RELIABILITY OF DIFFERENCES 











Factors Difference Be- P.E. of D Chances in 1000 

Compared tween Means Difference P.E. Diff. of a True Diff. 
eek sane’ 19.9 7.08 2.81 971 
er 9.0 8.32 1.08 767 
Pr 2.1 7.02 .30 580 
ee II.0 7.09 1.55 852 
rr 30.0 7.26 4.13 997 
ey 25.1 8.25 3.04 980 
ESS: 10.4 6.05 1.72 877 
ee 15.2 6.73 2.26 936 
| ree 30.1 8.80 3-42 989 
| EE 22.8 11.54 1.97 908 
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The data for the other comparisons are read from the table 
similarly. ‘Table I is limited to ten comparisons, that is, each 
score is compared with the score for factor A. ‘Tables II and 
III give for other pairs of factors the same facts as Table I. 


TABLE II 


CoMPARISON OF RESULTS FOR THREE VARIATIONS OF THE PUNISHMENT FACTOR TO 
SHow THE DIFFERENCES BETWEEN THE MEANS AND THE RELIABILITY OF 














DIFFERENCES 
Factors Difference Be- P.E. of D Chances in 1000 
Compared tween Means Difference P.E. Diff. of a True Diff. 
0 Ser 21.0 6.25 3.34 998 
i Seer 21.1 6.06 3.38 99! 
_. Sere I 5:77 02 503 

















TABLE III 


CoMPARISON OF RESULTS FOR SEVEN VARIATIONS OF THE DIRECTION OF ATTENTION 
Factor To SHOW THE DIFFERENCE BETWEEN THE MEANS AND THE RELIABILITY 
OF THE DIFFERENCES 











Factors Difference Be- P.E. of D Chances in 1000 
Compared tween Means Difference P.E. Diff of a True Diff. 
reer 30.0 7.26 4.13 997 
Eee 25.1 8.25 3.04 980 
errr 30.1 8.80 3.42 989 
errr 21.4 7.14 3.00 978 
rt achennaiin 21.0 6.28 3.34 988 
are 21.1 6.06 3.38 991 
DF 32.1 7.17 4.48 999 
ees 27.2 7.65 3.55 992 
ere 32.2 7.58 4.25 998 
EF 19.0 6.03 3.15 993 
ee 19.1 5-91 3.23 985 
FH 19.6 4.99 3.93 996 
GH 15.7 4.86 3.02 979 
Pre 19.7 5.04 3.91 996 
AB 19.9 7.08 2.81 971 
EH 6 5.98 10 527 
err 2.0 6.54 31 583 
ae 10.3 5.08 2.03 914 
ee 8.3 6.86 1.21 793 
reer 10.7 5-64 1.90 goo 
eee 5.8 6.26 93 735 
Sere 10.8 10.29 1.05 761 

















2. If the score for factor A (a simple positive form of 
instruction being used) be arbitrarily taken as the norm of 
efficiency for the task set the subjects and if each of the other 
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scores be compared with this norm, it will be found that three 
factors reliably increased efficiency, viz., J (maximum 
punishment), F (limited punishment) and G (knowledge of 
result). In each case the difference is in excess of three times 
the P.E. For two other factors the comparison shows a 
difference greater than twice the P.E., B (attention on the 
idea of success) and I (interval of six seconds). Factors that 
appear to be rather unreliable for increasing efficiency are C 
(minimum punishment), E (attention on the center) and H 
(attention on the hand). ‘Two factors, D (attention removed) 
and K (interval of two seconds), show unreliable differences 
in the negative direction and may be detrimental to the task 
set. 

3. If the results (scores) for the three variations of the 
punishment factor be compared (Table II and Fig. 3) it will 
be noted that J (maximum punishment) and F (limited 
punishment) were about equally efficacious, but that C (mini- 
mum punishment) was relatively less effective in stimulating 
efficiency. ‘This fact may be explained by the theory that 
when the pain factor was used the subjects were merely con- 
cerned with avoiding the ‘shock’, although they became a 
little disconcerted when the requirements became so rigid 
that is was practically impossible to avoid being shocked. 

4. Seven of the factors used may be said to have directed 
the attention of the subjects. Comparisons reveal that the 
subjects were most efficient when they were punished for 
errors (Table III) and were attending to the task set in a 
negative way (Cf. F, J, but not including C). Attention on 
the result of the attempt is a close second (G). Attention to 
the idea of success is third in rank (B). Fourth is attention on 
the center (EK). Fifth is attention on the hand and other ac- 
companying sensations (H). Sixth is attention more or less 
free (A). Seventh and final in the series is attention fixed on 
an irrelevant mental problem (D). 

The differences are unreliable except for pairs made up of 
the extremes of the series. The pairs having reliable dif- 
ferences (difference at least three times the P.E.) are A and 


F, A and G, A and J, B and D, C and F, C and J, D and F, 
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D and G, D and J, E and F, E and J, F and H, G and H, 
H and J. Negative instructions F and J as used in this 
experiment are reliably superior in effect to the positive in- 
structions EK and A, although the milder form of negative 
instruction, C, is not so good as E. Yet the difference be- 
tween C and E is unreliable. Paying attention to the sensa- 
tions arising in the hand (H) is not as potent a factor as fix- 
ing attention on the center (EF), however the difference is 
unreliable. 

5. To determine the degree in which each factor was 
uniformly efficient or inefficient for the subjects, the standard 
deviations were computed for the 66 individual scores made 
with each factor. Fig. 4 gives these standard deviations. A 
relatively large S.D. means that the range of achievement 
was relatively large for that factor. Greatest variation existed 
when the subjects were hurried (K., $.D., 125.5); next great- 
est, when the subjects were merely told to ‘throw at the tar- 
get’ (A, S.D., 110.5); third, attention on the center (FE, S.D., 
104.5); and fourth, a delay between signals of six seconds (I, 
S.D., 102.0). Next is four factors approximately equal in rank, 
attention to the idea of success (B, S.D., 94.5), knowledge of 
result (G, S.D., 94.5), minimum punishment (C, S.D., 94.0), 
and attention removed (D, S.D., 93.5). Ninth in rank is lim- 
ited punishment (F, S.D., 90.5); tenth, maximum punishment 
(J, S.D., 87.5); and eleventh, attention to accompanying sen- 
sations (H,S.D.,85.5). Increasing the number of punishment 
zones tended to make the achievement of the various individ- 
uals more uniform (Cf. C, F and J). The ranks the factors 
hold for variability are perhaps to be explained by the intrinsic 
nature of the instructions or conditions imposed upon the 
subjects. For example the comparatively large variation with 
simple positive instruction (A) suggests that when the subjects 
were merely told to toss at the bull’s eye, some tended to 
perform the task very efficiently, and others tended to be 
very careless and inefficient. 
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Fic. 4. Amount of individual variation under each instruction shown by standard 
deviation of the 66 individual measures of achievment. 


RELIABILITY OF RESULTS 


In addition to the probable errors of the differences be- 
tween the eleven results (means), Tables I, II and III, 
reliability was tested by two other methods. 
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Fic. 5. Showing the stabilizing effect on the eleven results of increasing the 
groups of subjects. 


A control group of eleven subjects was ‘put through’ 
the experiment in the same manner as the subjects in the 
experimental groups, except that the same instruction (a 
simple positive form of instruction) was used throughout the 
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series of 660 trials. (This made a total of seventy-seven 
subjects who took part in the experiment.) The eleven re- 
sults of the control group were compared with the eleven 
results for each of the experimental groups by use of Pearson’s 
coefficient of variation: 

_ 100 Sigma 


ie ol 


The experimental group results were found, on the average, 
to vary 155 percent as much as the results of the control 
group. Owing to the fact that the mental factor remained 
constant, the variation and greater variation for experimental 
group results must of necessity be due to the mental factors 
introduced. The difference in variation between control 
and experimental group results means that certain factors 
increased efficiency more than others. 

As stated in an earlier paragraph, subjects were added in 
groups of eleven. Each group added tended to stabilize the 
results, or the ranking of the factors. A diagram, Fig. 5, 
shows that the addition of the successive groups of subjects 
produced no very marked change in the eleven results 
(indicated by the tendency of the lines to assume the parallel 
relationship) and that the addition of the fifth and sixth groups 
produced no material change. 





CONCLUSIONS 


1. The results show that the mental factors of fear of 
punishment and recognition of the exact result of the attempt 
are significant factors in the execution of a skillful act. 

2. Efficiency is not so high when punishment is given only 
for gross errors as when given for all but successful or partially 
successful attempts. 

3. Factors that are of doubtful value are attention on the 
idea of success, punishment only for gross errors, attention 
on the goal (bull’s eye), and attention on accompanying 
sensations. 

4. Modes of directing attention that yield best results are 
attention to the painful consequences of errors, attention to 
the net results of the act, and attention to the idea of success. 
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5. Modes of directing attention that appear to be only 
slightly beneficial are attention to the bull’s eye and attention 
to the sensations accompanying the act. 

6. Modes of directing attention that give poorest results 
are attention to an irrelevent mental problem (act attended 
to by the margin of consciousness) and attention free, as when 
the individual is merely told what is to be done. 

7. Variation among individuals was considerably greater 
for certain factors than for others. Variation was least for 
attention to accompanying sensations and punishment for all 
unsuccessful attempts and greatest for a very short interval 
between attempts and direct instruction to perform the act. 
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ANTICIPATION AS A FACTOR IN SERIAL AND 
MAZE LEARNING 


BY FREDERICK HILLIS LUMLEY 
Ohio State University 


I 


In a previous paper ! the writer discussed the tendency of 
subjects in learning a maze or a series of letters to anticipate 
responses which would be correct further on in the maze or 
series. He showed that as the learning progressed the num- 
ber of near anticipations grew in comparison with the number 
of far anticipations. The data of the three following experi- 
ments bring additional evidence of these anticipation tend- 
encies. In all three experiments the subjects worked on the 
learning problems at one sitting, 1.¢., massed practice. 


II 


Experiment 1.—In this experiment 25 university students 
learned a series of 15 two-place numbers. The experiment 
was conducted in a second quarter psychology class, and the 
students were told that the purpose of the experiment was to 
secure samples of learning curves. No mention had been 
made of the factor here investigated. Blanks were distrib- 
uted with places for the numbers for fifteen trials. The num- 
bers were: 


32 68 14 21 85 73 II 92 49 57 38 54 63 29 46 


The subjects were instructed as follows: Your problem is to learn a series of 15 
two-place numbers in the proper order. I will pronounce one number every § seconds. 
You are to try and guess the number that is coming and write it down on the blank in 
column one. I will say “write” about one and one-half seconds before I pronounce a 
number. You must write down a number at this time or else leave the space blank. 
Do not write the number down after you have heard it. The first time I go through 
the 15 numbers you will have no way of knowing what number is coming, so just put 
down any number. After I have gone through the numbers once I will go through 





1F, H. Lumley, Anticipation of Correct Responses as a Source of Error in the 
Learning of Serial Responses. J. or Exper. Psycuou. 15, 1932, 195-205. 
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again the same way, and you will write your judgments in the second column. Place 
a sheet of folded paper over the numbers in the preceding column so that you won’t 
see them. Follow the same procedure each time I go through this series of numbers. 

A preliminary experiment of several trials on a series of 7 two-place numbers was 
given to ensure understanding of the instructions. The main experiment was con- 
tinued for 15 readings of the numbers (15 trials). Not all of the subjects had com- 
pletely learned the series by that time. 

The data were analyzed with respect to four periods during the learning process. 
The first period was the same as the first trial. The second, third, and fourth periods 
marked off approximately equal periods from the first trial to complete learning of 
the different numbers. In order to compensate for the primacy-recency distribution 
of errors which is usually observed in learning experiments the period to which each 
error was assigned was computed, not on the basis of the fifteen trials for all the num- 
bers, but for each number itself with regard to the number of trials necessary for learn- 
ing it. Thus the last error on the first number in the series although made on trial 4 
might be put in the fourth period, while an error on a number in the middle of the 
series on trial 5 might be put in the second period. A more detailed description of 
this method is given elsewhere.? 

If the subject wrote 85 when he should have written 68 it was counted as an error 
showing three degrees or units of anticipation. Similarly if 73 was written when 21 
was the right number it constituted an anticipation of two degrees. Errors with 
backward reference were also computed. If the subject wrote 68 when 21 was the 
right number this was classed as an error showing two degrees of backward reference. 


Table I gives the percent of errors showing different de- 
grees of anticipation for each period in the learning of the 


series. 
TABLE I 


Tue Percent or Errors SHowinc ANTICIPATION OF THE First, SEconpD, Etc., 
Numsers AHEAD IN THE SERIES 
































Degree of Anticipation 
Period 
I 2 3 4 5 Ratio* 
errr 1.4 1.8 0.7 1.4 1.5 .906 
ee 3.9 5.1 3.0 1.9 1.8 411 
eae 8.2 8.2 3-4 3.9 1.5 329 
eer, a 7.3 4.8 3.1 I.I 157 





* Ratio of the sum of percents in 4 and § divided by the sum in I and 2. 


Table I is read as follows: During the third period, or 
when the series was about half learned, 8.2 percent of the 
errors were the same as the next right number (anticipation 


2F,. H. Lumley, An Investigation of the Responses Made in Learning a Multiple 
Choice Maze. Dissertation for the Ph.D. degree, on file in the office of the Graduate 
School, Ohio State Uuiversity, 1931, Psychological Monographs XLII, No. 2, 1931, 


61 pp. 
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of one degree); 8.2 percent were the same as the right number 
two units ahead; 3.4 percent three units ahead; and so on. 
The ratio of the sum of the 4th and 5th degrees of anticipation 
to the sum of the Ist and 2nd degrees was .329. The ratios 
given in the tables are an indication of the relation of the far 
anticipations to the near anticipations. 

The anticipation results were corrected for the fact that 
it was possible to anticipate by one degree or unit more often 
than by two, three, etc. The correction was made by multi- 
plying the results for two degrees of anticipation by 14/13. 
three by 14/12, etc. Evidently in a series of 15 units one 
can skip one unit 14 times, 2 units 13 times, and 3 units 12 
times. No appreciable anticipation was shown on the first 
trial, other than that expected by chance, which would have 
been about 1.1. In the following successive periods the an- 
ticipation factor became quite manifest, as the results make 
clear. It is thus evident that this anticipation is a result of 
the learning process, rather than of some special mode of 
response, which the subjects brought to bear upon the prob- 
lem from the outset. The ratios between the sum of the 4th 
and sth degree anticipations and the sum of the Ist and 2nd 
degree anticipations for the four periods show that the pre- 
viously mentioned tendency to make more near anticipations 
and fewer far anticipations as learning progressed took place 
in this learning situation. 

Table II shows the percent of errors having different de- 
grees of backward reference. 

This table is read as follows: During the second period 


TABLE II 


Errors in PerceENT SHOWING BACKWARD REFERENCE TO THE First, Seconp, Etc., 
NumBERS IN A DirREcTION TOWARD THE BEGINNING OF THE SERIES 























Degree of Backward Reference 
Period 
I 2 3 4 5 
is 1.1 0.6 7 1.4 2.0 
eas 1.3 0.9 1.7 2.9 0.8 
are 3-3 1.2 1.0 1.7 1.0 
ee 4.1 0.9 2.8 0.6 2.0 
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1.3 percent of the errors were made by writing down the 
number which had just been the right one; 0.9 percent of the 
errors by writing the number which had been right two units 
or places before. 

No significant relationship is shown. This is substan- 
tially the same result as that reported for a letter maze ex- 
periment.’ 

Some of the subjects made errors of the habit interference 
type, 1.¢., writing down 38 when 32 was right or 63 when 73 
was right. These cases were separated into habit interferenc 
with (1) the first digit of the erroneous number the same or 
(2) the second digit of the erroneous number the same as that 
of the right number. The chances in percent for habit inter- 
ference occurring were about 0.8. For the four periods the 
percents of errors of the first type were 1.1, 1.8, 4.0, and 3.8; 
of the second type 2.0, 1.8, 2.2, and 0.8. These values do 
not seem especially significant except that they may show that 
the first number is the dominant one in the group. 


III 


Experiment 2.—This experiment was also a class experi- 
ment and was introduced to the students as a means of secur- 
ing data for the construction of learning curves. Half of the 
class served as subjects and the other half as experimenters. 
A paper maze (Fig. 1, 4) of the type described by Burtt? 
was used. Eight copies were given to each experimenter. 
The experimenters were instructed to give the subjects one 
copy for each trial and to keep the time from the start to the 
finish of the maze. Two classes performed this experiment; 
one with 13 subjects and one with 25 subjects. Counting 
from the beginning in this paper maze the Ist, 2nd, 4th, 5th, 
and 1oth culs-de-sac have the same direction as the true path 
one unit or turn ahead; the 3rd, 6th, and 11th the same direc- 
tion as the true path two units ahead; and the 7th, 8th, and 
gth either several units or none at all. 

The experiment with the 13 subjects gave results which 
showed that on the first trial 52.9 percent of the errors were 

*H. E. Burtt, Employment Psychology, 1926, Houghton Mifflin Co. p. 71. 
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made on the first type of cul-de-sac (one unit of anticipation) ; 
34-9 on the second type of cul-de-sac; and 12.5 on the third. 
For all the succeeding seven trials the percents were (1) 57.1, 
(2) 37.3, and (3) 5.6. A correction was made for the fact 
that there were different numbers of culs-de-sac of each type 
by dividing total errors for each type by the number of culs- 
de-sac. A correlation of .59 existed between the number of 
errors for the first trial and the length of the culs-de-sac. 
This correlation fell to .46 for the succeeding trials. The 
length of the cul-de-sac had therefore little to do with the 
appearance of the anticipation factor. 

The data from the experiment with 25 subjects were di- 
vided into four periods. The first period comprised the first 
trial, the second period the 2nd and 3d trials, the third period 
the 4th and Sth trials, and the fourth period the 6th, 7th, and 
8th trials. 

Table III gives the percent of errors showing anticipation 


in this experiment. 
TABLE III 


PERCENT OF Errors MADE ON THE DIFFERENT Types OF CULS-DE-SAC, ANTICIPATING 
THE DIRECTION OF THE TRUE PatH OnE, Two, or More Turns AHEAD 





























Degree of Anticipation 
Period Trials 
I 2 >2 Ratio* 
errs I 41.9 31.0 27.1 644 
ere 2, 3 50.0 28.7 21.3 .426 
See a, ¢ 50.5 39.6 9.9 -196 
_— SOT eeee 6,7, 8 64.1 29.1 6.8 106 





* Ratio of ‘>2’ divided by No. 1 degree of anticipation. 


Table III is to be read as follows: In the second period 
consisting of the second and third trials 50 percent of the 
errors were made on culs-de-sac making possible one degree of 
anticipation; 28.7 percent on culs-de-sac for two degrees of 
anticipation; and 21.3 percent on culs-de-sac making either 
remote (greater than 2) anticipation or no anticipation pos- 
sible. 

Table III shows that the subject brought to the problem 
on the first trial a mode of reacting which produced the antici- 
pation type of error. The changing ratios show, however, 
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that as learning progressed the subjects anticipated the true 
path by one unit with significantly greater frequency, and 
that the errors not showing any particular anticipation tended 
to drop out. 

IV 


Experiment 3.—This experiment was conducted at Deni- 
son University, Granville, Ohio, under the direction of Pro- 
fessor Charlotte Rice, who generously offered her data to the 
writer for analysis with reference to the presence of this same 
factor of anticipation. The experiment consisted in learning 
a foot maze of the pattern shown in figure 1, B. The subjects 
were blindfolded, given brief instructions about the maze, 
shown kinesthetically a sample turn, and then started in the 
maze. After five trials the subject drew a picture of the 
maze, as he imagined it, and after about fifty minutes the 
experiment was discontinued whether the subject had learned 
the maze completely or not. 

For purposes of analysis of the data the subjects were put 
arbitrarily into three groups. These comprised (1) 32 sub- 
jects who learned the maze in the time allotted, (2) 19 sub- 
jects who did not complete the learning of the maze, and (3) 
g subjects who learned the maze completely at a somewhat 
later date and served as a check on the inferences drawn 
from the data of the larger group. 

Since it was possible to make two different errors at any 
given point of choice only the first error was considered. All 
errors made when retracing occurred were not included in the 
calculations, for the reason that when the subject retraces he 
is not learning the same problem and the direction for antici- 
pation is reversed. 

An attempt was made to determine whether fixed orien- 
tation was the most important factor in anticipation. This 
had been assumed in the analysis of the other maze data. 
For this purpose the culs-de-sac were classified as making 
possible anticipation with fixed orientation and with relative 
orientation, and furthermore the types of turns involved were 
classified as right, left, and straight ahead (through). A 
given cul-de-sac was considered as making anticipation with 


<_ 
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fixed orientation possible when its direction was the same as 
the direction of the true path by one, two, or more turns or 
units ahead. Those culs-de-sac showing this kind of antici- 
pation for one turn or unit were, I 3 8 15 19 24 30; for two 
turns or units, 4 7 13 20 23 28; three turns or units, 2 6 17 22; 
four turns or units, 9 11; and over four turns or none at all, 
5 10 12 14 16 18 21 25 26 27 29 31 32. Anticipation of the 
relative orientation type was made possible by those culs-de- 
sac which made a right turn from the true path, when the 
next turning of the true path was a right turn. Culs-de-sac 
corresponding to the next turning of the true path were, 
I 4 7 12 15 20 23 28 30; two turns or units ahead, 2 5 10 13 
18 21 26 27; three turns or units ahead, 8 16 24 25; four turns 
or units ahead, 6 14 22; and over four turns, 3 9 II 17 19 29 
31 32. Those culs-de-sac which constituted right turns for 
the subject were, 2 4 9 II 14 16 18 20 25 27 30; left turns, 
15713 15 21 23 29 31; and straight through, 3 6 8 10 12 17 
IQ 22 24 26 28 32. 

For the subjects who completely learned the maze the 
results were treated separately for four periods during the 
learning process. As in the other cases the first period was 
identical with the first trial. The second, third, and fourth 
periods received approximately an equal distribution of the 
errors made on the other trials, although no correction was 
made for the primacy-recency factor as in the treatment of 
experiment I. For example, if the subject took 11 trials be- 
fore he ran the maze perfectly two times, the errors of the 
first trial were put in the first period; the errors of the 2nd, 
3rd, 4th and sth trials in the second period; the errors of the 
6th, 7th, and 8th trials in the third period; and the errors of 
the 9th, roth, and 11th trials in the fourth period. 

Table IV shows the results when the errors are considered 
with reference to fixed orientation, relative orientation, and 
the type of cul-de-sac. The errors for each degree of antici- 
pation are given as percents of the total errors, and the values 
have been equalized for the fact that seven culs-de-sac may 
show one degree of anticipation, whereas only four show three 
degrees. 
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Table IV is read as follows: There were 9 subjects in the 
first experiment. During the first trial or period they made 
21.2 percent of the errors in culs-de-sac having the same direc- 
tion as the true path one turn ahead. They made 18.1 per- 
cent of the errors in culs-de-sac which showed either no 
anticipation or else an anticipation of more than four degrees. 
The ratio of the far anticipations (sum of 3 and 4) to the near 
anticipations (sum of 1 and 2) was 1.007. For this same 
period 16.8 percent of the errors were made in culs-de-sac 
which showed two degrees of anticipation based on a relative 
orientation of the subject. In addition 41.9 percent of the 
errors were made on culs-de-sac turning right from the true 
path, 16.2 on those turning left, and 41.6 on those continuing 
or going straight ahead. 

It is apparent that the most regular relationships are 
shown by the fixed orientation type of anticipation. It is 
therefore possible that this is the most prevalent type of 
orientation with human subjects, even when the whole body 
is moved. Other maze experiments with fixed position of the 
subject have been so interpreted. The results for the first 
trials show an absence of the anticipation factor which con- 
trasts with its development during the succeeding trials. 

The possibility that the development of some other mode 
of reaction to the maze situation might have been responsible 
for the appearance of the anticipatory relationships was exam- 
ined by determining the right, left, and straight ahead types 
of errors. The table shows a definite shift from the equal 
distribution of right turn and straight ahead types of errors 
on the first trial to an emphasis on the continued or straight 
ahead type in later trials. That this change in type of error 
was not the cause for the anticipation results was shown by 
a computation. (Figures in the bottom row of table IV 
under the title of fixed orientation.) The straight ahead culs- 
de-sac were given the value of 5, the right turn culs-de-sac 3, 
and the left turn culs-de-sac 2. These values corresponded 
somewhat to the values for frequency of choice given in the 
table. Ifa tendency to choose culs-de-sac which were straight 
ahead would give results apparently in line with the antici- 
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pation factor, calculation of the anticipation with the above 
values for the different culs-de-sac should have shown the factor 
clearly. The figures obtained and the ratio show quite plainly 
that anticipation can not be explained entirely on the basis 
of the tendency to continue in one direction. Moreover, the 
presence of the anticipation factor does not account for the 
shift in the type of culs-de-sac chosen. If the first degree of 
anticipation is assigned the arbitrary value of 5, the second 4, 
the third 3, etc., and then the culs-de-sac making possible 
such degrees of anticipation are given these values, the right, 
left and straight ahead culs-de-sac will have the values given 
in the bottom row of table IV at the right. 

This experiment showed the presence of an anticipatory 
factor based upon a fixed orientation. 


V 


Discussion, Conclusions, and Summary.—Dodge 4 found in 
an ocular pursuit experiment that subjects tended to antici- 
pate the pendular movement of an object across the field of 
vision. He further suggested that much learning follows the 
approximation and correction procedure. ‘This is certainly 
true of such acts as aiming, where the narrowing of the shot 
distribution offers clear evidence of a spatial approximation 
and correction. It seems possible to look upon the errors 
found in serial learning as the same approximation and correc- 
tion made along a time dimension instead of in a space plane. 
But while shots may err on both sides of the target, the usual 
procedure of informing the subject of the correct response 
immediately checks the use of this same response and inhibits 
the backward reference type of error. ‘The data of an experi- 
ment where the subject made all his judgments or choices 
first and then was given all the right responses might furnish 
information on this point. 

To show the general trend of anticipation the results for 
various experiments are reviewed in Table V. 

Table V sums up the shifting in anticipation for five ex- 


*R. Dodge, Fundamental Steps in the Development of Adaptive Behavior of the 
Eyes. J. General Psychol., 4, 1930, 3-14. 
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TABLE V 


Ratios OF THE Far ANTICIPATIONS TO THE NEAR ANTICIPATIONS FOR THE DIFFERENT 
Periops OF LEARNING 














Period 
Experiment date 
I II III IV 

rr 38 2.225 577 459 316 
Two-place numbers.......... 25 .g06 411 329 157 
OS rere 25 644 .426 196 .106 
Foot Maze 

Rees 9 1.007 376 373 169 

ae ahaa is sh debe 32 736 .268 173 .120 




















periments. It gives the ratios of the far anticipations to the 
near anticipations for successive periods in the mastery of 
the learning problems. The approximation and correction 
type of learning is clearly demonstrated by the diminishing 
ratios, which show that the approximation became better and 
better as the learning progressed, until it reached the stage 
where the act was socially classed as learned. 

The data of three additional experiments have confirmed 
the previous finding that subjects tend to anticipate responses 
which would be correct later on in a series, and that those 
responses which would be correct in the near future are an- 
ticipated more often than those which would be correct in the 
distant future. The results of these experiments have also 
shown that as the subject learns a serial problem more and 
more near anticipations are made in comparison with the 
number of far anticipations. 


(Manuscript received May 12, 1931) 








BILATERAL TRANSFER OF LEARNING 


BY NORMAN L. MUNN 


FROM THE PSYCHOLOGICAL LABORATORY OF THE UNIVERSITY OF 
PITTSBURGH 


INTRODUCTION 


In his investigation of bilateral transfer in mirror-drawing 
Ewert ! introduced a new and necessary procedure. Previous 
investigators of transfer? used few subjects and failed to 
determine the influence of the ‘sample’ performance of the 
‘non-practiced’ hand upon the final performance of that hand. 
Ewert gave 26 subjects one trial with the non-preferred hand, 
followed by 50 trials with the preferred hand. When the 
non-preferred hand was again tested it showed an improve- 
ment, over its first performance, of 82 percent in time and 
76 percent in errors. According to the former method of 
studying this problem, these figures would have been accepted 
as indicative of the amount of transfer from preferred to non- 
preferred hand. Ewert introduced a control group however. 
Twenty-six subjects were given one trial with the non-pre- 
ferred hand, followed by an interpolated rest period of one 
hour. When they were again tested the performance of the 
non-preferred hand had improved by 46 percent in time and 
21 percent in errors. When the influence of the ‘sample’ 
performance of the non-preferred upon its final performance 
was thus equated, the amount of transfer was shown to be 
36 percent in time and 21 percent in errors. 

The only other experiment on transfer in which the influ- 
ence of the ‘sample’ performance was controlled is that of 
Bray * in which there was an attempt to measure the amount 
of transfer from hand to foot and from foot to hand. The 


1 Ewert, P. H., Bilateral Transferin Mirror-drawing. Ped. Sem., 1926, 33, 235-249. 

2See Hunter, W. S. (Experimental Studies of Learning) in The Foundations of 
Experimental Psychology, 1930, p. 611-615, and Bray, E. W., Transfer of Learning, 
J. Exper. PsycHou., 1928, 11, 443-467, for adequate summaries of this work. 

* Bray, op. cit. 
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task chosen was that of hitting at a target seen indirectly by 
means of a mirror. One group of subjects performed the 
experiment with the right hand. They then performed the 
same task with their right foot. A control group performed 
the task with their right foot without previous training with 
the right hand. A comparison of the learning curves for 
these two groups showed that practice with the right hand 
increased the initial accuracy of the right foot to the extent 
that the equivalent of approximately six trials was saved. 
Transfer from right foot to right hand was similarly demon- 
strated. The number of subjects in each group was small 
(10-14), but the author found the differences to be statistically 
reliable. Bray’s explanation of transfer is that methods 
learned for one part of the body carry over to practice with 
some other part. He also mentions that mere familiarity with 
the setting of the experiment is probably important. 

In the experiments of Ewert and Bray, learning was but 
an adaptation to the reversing effect of the mirror. It oc- 
curred to me that it might prove interesting to use Ewert’s 
method in studying a form of coordination which did not 
involve artificial distortion of the situation. Such an investi- 
gation would add further factual data and might throw some 
further light upon theories of transfer. It was at first my 
intention to repeat Swift’s 4 experiment on ball-tossing. How- 
ever, my attention was drawn to a small apparatus somewhat 
different from anything previously used in learning experi- 
ments. Preliminary experiments with a laboratory class 
showed that manipulation of this apparatus yielded a typical 
learning curve and that transfer from right to left hand was 
evident. This apparatus also offered the advantage that a 
large number of trials could be carried out in a short space of 
time. 

APPARATUS AND METHOD 


The apparatus consists of a 103 cm wooden handle at the end of which is attached 
a wooden cup possessing a height of 4 cm and an inner diameter of 3 cm. The inside 
of the cup is shaped to contain snugly a round wooden ball possessing a diameter of 
23cm. The ball, which weighs 4 grams, hangs at the end of a fine cord, 25 cm in length. 





‘Swift, E. J., Studies in the Psychology and Physiology of Learning. Amer. J. 
Psychol., 1903, 14, 201-251. 
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The other end of the cord is attached to the handle immediately below the bottom of 
the cup. 

When the handle is held loosely between thumb and fingers, an adequate manipu- 
lation will enable the subject to flip the ball into the air. A further adjustment, if 
adequately carried out, leads the ball into the cup. Without previous practice the 
task is an extremely difficult one, but facility is rapidly acquired: by most subjects. 

Manipulation of the apparatus may lead, in each trial, to one of four results. 
The ball may fall into the cup and stay there, it may fall into the cup and bounce out 
before the subject can gain control of its movements, it may merely hit the cup, or it 
may miss the cup altogether. The first type of response was arbitrarily given a score 
of 3 points; the second type, 2 points; and the third type, 1 point. Thus, in the course 
of 50 trials the highest possible score was 150 points. The number of points obtained 
in each 50 trials gave a fair indication of the subject’s ability at various stages of the 
learning process. 

The subjects were 100 college students and: instructors, 50 men and 50 women.® 
All subjects were right handed and had had no previous experience with the apparatus. 
25 subjects from each group served as controls. The order of procedure was as follows: 


Training Group of 25 Subjects 
I. 50 trials with the left hand 
2. 500 trials with the right hand 
3. 50 trials with the left hand. 


Control Group of 25 Subjects 

, I. 50 trials with the left hand 
2. Rest period of 45-60 minutes 

3. 50 trials with the left hand. 


There was a rest period of one minute between each So trials. Data for the men and 
women were treated separately. Most of the subjects were entirely unaware of the 
nature of the investigation. The experiment was performed individually with each 
subject. The entire performance could be completed within an hour, hence each sub- 
ject had but one sitting. A few subjects complained of fatigue in their arms and eyes 
before the completion of the sitting, but they all completed the work. In order to keep 
conditions as comparable as possible for all subjects, all experiments were conducted 
by the writer. Instructions to the subject consisted in one demonstration of the use 
of the apparatus. He was then told to do his utmost to get the ball into the cup, and 
that 50 trials would be given, during which the experimenter would make a record of 
the responses. 


RESULTS 
The results are summarized in Tables I—V and in Fig. 1. 
It will be seen that the average facility of the women’s group 
(Table I) in the use of the left hand was‘initially 37.1. After 
500 trials with the right hand, during which the score rose 
from 59.4 to 102, the facility of the left hand was 68.0, an 
increased facility of response of 83.21 percent. 


5 It was not at first my intention to determine the influence of sex. During the 


first few experiments, however. sex differences seemed obvious and I therefore decided 
to use a male and a female group. 
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Fic.1. Learning curves forthe experimental groups. ‘The highest possible score is 150. 











Table II indicates that the men possessed an initial facility 
with the left hand of 62.4. After 500 trials with the right 
hand, during which the score rose from 85.7 to 113.8, there 
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TABLE I 
EXPERIMENTAL Group—WoMEN * 
Trials 
Left Right Hand Left 
Subject | Hand Hand 
Before After 
50 100 I50 200 250 300 350 400 450 500 
a a 3 28 | 41 | 40] 54] 82] 92] 102 | 100] 94] 101 70 
M. L... 42 58} 68 | sit | 63] 731 92] 76] 80] 76] 82] 44 
F.R... 39 79| 85 | 6 86 | g1 | 100] 100] 99] 109] 115 | 87 
M. A.. 10 53 | 66] 61 | 87] 98] 63] 117 | 118 | 113] 118] 71 
5 a 85 72} 98 | 85 | 108 | 127 | 114 | 129 | 113 | 130 | 128 | 102 
a 8 52] 56] 55| 62] 74] 96] 76} 971] 103] 98] 33 
M.H...| 35 53 | 59 1} 60] 74] 70] 94] 77] 85 | 90] 72 
V.M.. 21 59 96 | 104 | 97] 97] 105] 115 | 109 | Tor | 53 
Ba. Bs 30 37 | 85] 65| 69] 80] 85] 74] 88] 87] 95] 84 
We Bee es 37 67| 66] 51| 66] 68] 68 92 | 75 | 66] 43 
D. L... 44 77 | 70} 103 | I1r | 117 | 109 | 113 | 108 | 116 | 127 | 8g 
M. J... 3 35} 29] 53] 57] 69] 62] 84] 61 | 84] 94] SI 
od: 23 70| 80} 86] 101 | 99] 94] 114] 95 | 104 | III 85 
D.W.. 78 95 | 103 | 105 | 108 | 109 | 113 | 116 | 92] 118 | 103 81 
E. H... II 28} 40] 78| 83] 80] 73] 79] 89| 89] 76] 48 
a 66 75 | 90] 88] 86] X11 | 105 | 101 86 | ror | 114 | 86 
A.M.. 51 48 | 79| 76) 68!] 76| 86] 69] 81 | 84] 96] 86 
on IS 271 34] 51| 65] 75 | 90] 98] 87| 81] 100] 47 
M.M...| 43 50} 78| 79] 84] 98| 98| 75 | 77 | 64 | 74 
> FP... 55 76 | r1r | 116 | 124 | 118 | 113 | 110 | 121 | 112 | 137 | 93 
L. M... 49 67| 99] 78] 90] 111 | 105 | 97 | 111 | 110 | 117] 4I 
a 63 73} 941 97 | 105 | 111 | IIL | 108 | 104 | 110} 104 | 85 
H.R....| 42 63 | 79| 79) 88] 94] 77] 105 | 86] 96] 97] 56 
B Wsset 62} 52] 70}] 80] 106} 79] 92] 88] 95] 102 | 62 
ees 82} 95 | 105 | 90] 99 | 109 | 103 | 103 | 100 | 105 | 73 
Total...| 929 |1486 |1826 |1893 |2099 |2337 |2301 |2406 |2368 |2445 |2551 | 1702 
Average.| 37.1 | 59.4 | 73-0] 75-7 | 83.9 | 93-4 | 92.0] 96.2 | 94.7 | 97.8 |102.0| 68.0 









































Increased facility with left hand 83.21 percent. 





* Each figure represents a composite score—Highest possible score 150. 


was a final facility with the left hand of 87.32 points, an in- 
crease of 39.08 percent. 

When the data for both groups were combined and the 
improvement in the last 100 trials with the right hand, over 
the first 100 trials with that hand, was correlated with the 
improvement in the left hand, a Pearson Product Moment 
coefficient of .508 + .104 was obtained. This indicates that 
a large amount of the improvement manifested by the left 
hand on its second test is a function of the improvement of 
the right hand during the training series. From the control 
groups, however, we get an indication of the amount of transfer. 
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TABLE II 


EXPERIMENTAL Group—MEN * 








Trials 
Left Right Hand Left 
Subject | Hand Hand 
Before After 





50 100 150 200 250 300 350 400 450 500 
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ae 37 | 75 | 103 | 96] 106] 111 | 110 | 121 | 114 | 121 | 119 | 87 





Total... 1562 |2144 |2366 |2501 |2557 |2640 |2603 |2680 |2719 |2887 |2845 |2183 





Average.| 62.4 | 85.7 | 94.6 |100.0 | 102.2 |105.6 | 104.1 |107.2 {108.7 |115.4 |113.8 |87.32 









































Increased facility with left hand 39.08 percent. 





* Each figure represents a composite score—Highest possible score 150. 


Table III shows that an improvement of 50.9 percent was 
manifested by the women when there was no interpolated 
activity of the right hand. ‘Table IV, presenting similar data 
for the men’s group, shows an improvement of 6.2 percent 
without training of the right hand. Thus, as Table V indi- 
cates, the actual transfer from right to left hand is 32.3 for 
the women and 32.8 for the men, an average transfer of 32.59 
percent. 

The slight difference between the men and the women is 
of no significance. If the initial scores of the control groups 
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TABLE III 
Contro, Group—Women * 
Subject Left Hand Before Left Hand After 
DN bovivikewnthennnwee 39 63 
SS ere 18 25 
Dischssscashndenenane 4 33 
Diets ksteekdeenmedebwn 32 37 
GM rit hs Gach winnl ow ated 32 30 
PEs ctntkteceseeeeaees 46 84 
ii aici elena 7 30 
GR 17 37 
DO biekbinrcnanews 26 33 
fT Ee 9 12 
Pcie sdecakddeeeeeseks 46 , 61 
Dh ccs ddenedsiedesasden 9 10 
A ili ean ia Bi edits 25 18 
anh cbieuiina awd eee 45 45 
ee ie eee ded malakied 6 23 
tht sbbiawiandnmenwen 23 23 
pss bectendaeswehoad 8 32 
De Mise tisdasucseekeessied 48 80 
ee re 17 17 
DAL ticheedebebenewnes 25 49 
cris sitini thine tania ene II 4 
RE ee eT Si 52 
SR ere ree eee 31 49 
tice acmaialia ak audi 1S 54 
ree ee 48 62 
I bateieansndenseseed 638 963 
Pe Niacdondovesanees 25.5 38.5 


Increased facility with left hand 50.9 percent. 





* Each figure represents a composite score—Highest possible score 150. 


had been comparable with the initial scores of the experi- 
mental groups, the amount of actual improvement for the 
men would have been lowered and that for the women raised. 
The women’s control group was lower than the experimental 
group in its initial score, while the men’s control group was 
higher than the experimental group. A glance at the learn- 
ing curves in Fig. 1 shows that the women start lower and 
improve more than the men.® Since the women’s control 


* It is, of course, true that the amount of improvement made by the men, although 
it appears less in curves or figures, is probably greater than that made by the women, 
since it is nearer to the ‘physiological limit.’ This would hold for both experimental 


and control groups and would not effect our interpretation of the data as far as transfer 
is concerned. 
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TABLE IV 


Controt Group—MeEn * 





Subject Left Hand Before 
See eee 75 
ee 39 
C. W... 78 
er ere 60 
I ih etal diteniy Maia 95 
ii tile ic aih nihil ween aes 94 
i nkvcenebedsnnencwes 62 
8 eT eT ee ree gI 
sie Aine nid tek wiee 78 
8 eer error rr et 63 
EE ee 40 
ee ere 53 
Mb be thbinesedcewnsowe 71 
Do iikdnen ah teseewneh 68 
bss eederkeenesaaes 50 
Dc evetsceskeetdaseaen 62 
Di icinseenetanenseoue 74 
errr 64 
Di ttehbineschawasdens 88 
> a 67 
DLAs sebcernsiaeieee 73 
DE thtetheiehbnbee aines 80 
5 ery rey ere gI 
Pa citechemhekinenen 69 
re er rere 70 
Total 1755 
CN ccaiaedeenconea 70.2 


Increased facility with left hand 6.2 percent. 


80 
44 
82 
63 
79 
95 
65 
85 


1866 
74.64 


Left Hand After 








* Each figure represents a composite score—Highest possible score 150. 


TABLE V 


TRANSFER FOR Botn Groups 








Increased Facility in Percent 








Transfer 
Experimental Control 
 ennendeat an aimee 83.21 50.90 32.31 
eee 39.08 6.20 32.88 
PE Ridnns cess ccavce ena 61.14 28.55 32.59 
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group had a lower initial accuracy than the experimental 
group, it probably showed more improvement than a 
strictly comparable group would have shown. The men’s 
control group manifested greater initial ability than the ex- 
perimental group, hence the improvement of a strictly com- 
parable control group would probably have been less. If we 
combine the data for the control groups and the experimental 
groups, disregarding sex, we find these groups almost com- 
parable in initial ability. The average initial score for the 
experimental group is 49.7, while the average initial score 
for the control group is 47.8. Hence, when these facts are 
considered, the actual transfer for the women does not differ 
in amount from that for the men. 

The learning curves for the two sexes are almost parallel. 
The higher scores of the men may be explained by the fact 
that the task involved in this investigation is similar, in many 
respects, to other male activities. Some of the male subjects 
play basketball. ‘The subjects who reported the influence of 
such activity maintained superior scores. So far as I know 
the task involved in this experiment finds little, if any, dupli- 
cation in ordinary female activities. 


DIscussION 


Some indication of the factors behind the transfer mani- 
fested in this experiment may be obtained from the verbaliza- 
tions of the subjects. Nothing was said to the subjects while 
they were performing the experiment, but they were free to 
express themselves. Nearly all of them made comments. 
Most of these comments related to the manipulation of the 
apparatus. ‘“‘I’ll have to throw the ball up higher,” “I do 
better when I don’t hold the handle so tight,” “I’m beginning 
to get the swing of it,” “‘Now I’m getting my eye in,” “If 
I don’t drop the cup as the ball goes into it, the ball bounces 
out again,” “Ah! that was almost in, I’ll try that way again,” 
etc. There were dozens of such verbalizations. There were 
probably many implicit formulations of the various aspects 
of the task. 


When the subjects were asked why they gave a better 
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performance with their left hand after having 500 trials with 
the right hand, most of them stated that the practice with the 
right hand helped them to get their ‘eye and hand in,’ or 
that they had learned that certain moves did not lead to 
success, while others did. 

Where there was little or no improvement in the training 
series, there was usually little or no improvement with the 
left hand. V. Z. in Table I is a subject who never mastered 
the technique of getting the ball into the cup. The data 
show that the amount of transfer is, in her case, extremely 
small. L. M., in the same table, shows a slight, but incon- 
sistent improvement, and there is no transfer. These are the 
two extreme cases. The correlation of .508 also indicates 
that improvement with the right hand is related to improve- 
ment with the left hand. 

An analysis of these data, and especially the verbalizations 
of the subjects, suggests a similar explanation of transfer to 
that offered by Bray, viz., that the method learned with the 
practiced member is carried over to the non-practiced one. 
Wheeler ’ interprets the results of Bray’s experiment in terms 
of insight. He claims that the learning process is ‘‘a con- 
figurational process involving insight into the total situation. 
Insofar as that situation is not altered by the conditions of 
transfer, the insight is sufficient to guarantee continued per- 
formance”’ (p. 306). He assumes that anatomical differences 
prevent complete transfer to the unused member. Wheeler 
uses the term ‘insight’ to avoid speaking of common, or 
identical elements. If he means that the subject formulates 
the problem, implicitly or explicitly, and that, since the appa- 
ratus is the same for used and unused member, the formulation 
is useful in both situations, I must agree with him.’ The 
subjects in this experiment did formulate the problem (al- 
though their expressed formulations were in terms of parts of 
the situation—ball, handle, cup, up or down movements, etc., 
rather than in terms of the whole situation) and this formu- 
lation was carried over to the behavior of the non-practiced 


7 Wheeler, R. H., Readings in Psychology. New York: Crowell, 1930. 
8 Swift, op. cit., has used this type of explanation in his work on ball-tossing. 
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hand. Incipient movements of the unused hand probably 
contributed something to the amount of transfer. These were 
noticed in most subjects. Their influence, however, is prob- 
ably of slight importance. The subjects, themselves stressed 
the formulation of the task. None of them, until after the 
suggestion was given, made any reference to movements of 
the unused hand or arm. 


SUMMARY 


When 50 subjects were given 50 trials with the left hand, 
followed by 500 trials with the right hand, on a task involving 
eye-hand codrdinations, a subsequent 50 trials with the left 
hand showed an average improvement of 61.14 percent. A 
control group of 50 subjects possessing initial ability com- 
parable to that of the experimental group showed an average 
improvement of 28.5 percent. The average amount of trans- 
fer due to practice with the right hand was, therefore, 32.59 
percent. 

The subjects had a tendency to formulate the problem 
during training and this formulation, or method, carried over 
to practice with the left hand. There is a possibility that 
incipient movements of the left hand, while the right hand 
was being used, enhanced the transfer effect. 


(Manuscript received March 17, 1931) 








A SINGLE RATIO PRODUCT FORMULA FOR COR- 
RELATION BY THE SHORT-CUT METHOD 


BY F. STUART CHAPIN 


University of Minnesota 


Various short-cut and abbreviated methods of computing 
correlation coefficients from frequency series have been de- 
vised with the purpose of reducing laborious computations to 
a minimum. 

The author developed the following formula in 1926 and 
it has been used to advantage by graduate students at the 
University of Minnesota since this time. 


N3fdry — [Zfd»][Zfd,] 
VN2fds* — [fd PVNZfd, — [2fd,P 


It is believed that this formula is superior to all others ! 
because only one ratio or quotient needs to be calculated. 
In other words, all fractions, except the fundamental ratio of 
the correlation coefficient, are avoided and only integers are 
used. The derivation of this formula from 








(4) f= 




















ziss ~ CC, 
(B) r ; ; , 
| pe Xfd; — C2 apes Yfdy = *. 
where 
Vfd- 
c, = 2 
Dfdy 
Cy = N 


1 Ayres, L. P., Journal of Educ. Research, Vol. 1, Mar.-June, 1920. Day, E. E., 
Statistical Analysis, 1925, p. 196. Ezekiel, M., Methods of Correlation Analysts, 1931, 
p.127. Hull, C. L., Jour. Amer. Statistical Assoc., Vol. 20, no. 152, p. 526. Ruml, B., 
Psychological Bulletin, 1916, vol. 13, p. 444. Thurstone, L. L., Calculation of the 
Pearsonian Coefficient without the use of Deviations, Psychol. Bul., Jan. 1917, Vol. 14, 
p. 28; also, Fundamentals of Statistics, 1925, p. 207. 
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is by simple algebraic transformation in which WN is made the 
common denominator of all terms and then eliminated from 
the numerator and denominator of the fundamental ratio by 
multiplication. As it stands, formula 4 does not give the 
standard deviations of the series, as is the case with the ordi- 
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nary short-cut formula B. This disadvantage may be easily 
obviated by dividing each term of the denominator by WN to 
obtain gz ando,. Thecorrelation table for formula 4 is given 
above. 


(Manuscript received December 21, 1932) 








